Nitrogen retention and nitrogenous urine components of growing cockerels as influenced by diethylstilbestrol, methyl testosterone and porcine growth hormone by Sell, Jerry Lee
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1960
Nitrogen retention and nitrogenous urine
components of growing cockerels as influenced by
diethylstilbestrol, methyl testosterone and porcine
growth hormone
Jerry Lee Sell
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Animal Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Sell, Jerry Lee, "Nitrogen retention and nitrogenous urine components of growing cockerels as influenced by diethylstilbestrol, methyl
testosterone and porcine growth hormone " (1960). Retrospective Theses and Dissertations. 2799.
https://lib.dr.iastate.edu/rtd/2799
This dissertation 
has been microfilmed 
exactly as received 
Mic 60-5890 
SELL, Jerry Lee. NITROGEN RETENTION 
AND NITROGENOUS URINE COMPONENTS 
OF GROWING COCKERELS AS INFLUENCED 
BY DIETHYI3TILBESTROL, METHYL 
TESTOSTERONE AND PORCINE GROWTH 
HORMONE. 
Iowa State University of Science and Technology 
Ph.D., 1960 
Agriculture, animal culture 
University Microfilms, Inc., Ann Arbor, Michigan 
NITROGEN RETENTION AND NITROGENOUS URINE COMPONENTS OF 
GROWING COCKERELS AS INFLUENCED BY DIETHYLSTILBESTROL, 
METHYL TESTOSTERONE AND PORCINE GROWTH HORMONE 
by 
Jerry Lee Sell 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Poultry Nutrition 
Approved: 
In Charge of major work 
Head of Major Department 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1960 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
REVIEW OF LITERATURE 3 
Urine collection in the Ave s class 3 
Estrogen, Androgen and growth hormone— 
nitrogen metabolism in the chicken 7 
EXPERIMENTAL 13 
Methods and materials 13 
Experiment 500 19 
Procedure ... 19 
Results 20 
Discussion 35 
Experiment 501 39 
Procedure 39 
Results 39 
Discussion 49 
Experiment 507 . 51 
Procedure 51 
Results 53 
Discussion 65 
GENERAL DISCUSSION 78 
Response to diethylstilbestrol, methyl testos­
terone and porcine growth hormone 78 
Growth and feed efficiency 78 
Nitrogen retention and nitrogenous urine 
components 80 
Partition of nitrogenous urine components 86 
SUMMARY 91 
CONCLUSIONS 95 
LITERATURE CITED 97 
ACKNOWLEDGMENTS 103 
APPENDIX A 104 
APPENDIX B. ANALYTICAL PROCEDURES 112 
Uric acid analysis 112 
Procedure 114 
Ammonia and urea analysis 116 
iii 
TABLE OF CONTENTS (Continued) 
Page 
Reagents and equipment 116 
Procedure 117 
Creatine and creatinine analysis 118 
Procedure 119 
Reducing sugar analysis 120 
Procedure 120 
1 
INTRODUCTION 
Daring the past two decades, there has been an increasing 
interest in the economic importance of altering or regulating 
the endocrine glandular system of domestic animals. The fact 
that the system does exert an influence upon the important eco­
nomic factors of growth, production and reproduction is well 
known. However, in most instances our knowledge about hormonal 
effects on specific nutrient metabolism is only superficial. 
The mechanism by which a rapidly growing animal retains nitro­
gen and accumulates body protein, and the role of the endocrine 
system in this regard has intrigued investigators for many 
years. An indirect method of studying protein metabolism is 
to follow changes which might be induced in the excretory 
pattern of the end products of protein metabolism, namely 
nitrogenous waste products. 
Attempts to investigate in detail the metabolism of 
chickens are met with the primary difficulty of separately 
collecting feces and urine for subsequent analysis. Metabolism 
studies with chickens, particularly protein metabolism, has 
thereby been hampered greatly and little research has been done 
beyond collecting data on gross nitrogen retention, etc. Con­
sequently, little data on nitrogenous urine components of 
growing chickens under what might be considered normal condi­
tions or under the influence of various treatments (dietary, 
hormonal or other) are available. 
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The two objectives of this research are: (1) To gather 
fundamental data on nitrogenous excretory products of rapidly 
growing chickens and (2) To study the influence of estrogen-, 
androgen- and growth hormone-1 re atment on nitrogen retention 
and nitrogenous urine components of young chickens. 
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REVIEW OF LITERATURE 
Urine collection in the Aves class 
Among the early investigators dealing with separate col­
lection of urine and feces from a member of the Aves class was 
Minkowski (1886). Using a technique involving exterioriza­
tion of the recta of adult geese, Minkowski was able to obtain 
uncontaminated urine. He gave a fairly thorough description 
' of the physical characteristics of urine ; "a thick, slimy, 
cream-colored discharge containing visible particles of uric 
acid, specific gravity of 1.009 to 1.010 and normally acid 
in reaction'1. This worker also studied the influence of 
hepatectomy and various diets on urine volume and some nitro­
genous urine components. 
Milroy (1904) and Paton (1910) used the artificial anus 
technique for separately collecting urine from adult chickens, 
ducks and geese. Various aspects of urinary nitrogen excre­
tion were studied in an attempt to derive basic information. 
Sharpe (1923) in observing electrolyte absorption by the 
chicken's cloaca employed two methods of collecting urine: 
Direct cannualation of the ureters and a specially designed 
glass tube inserted into the cloaca were used for short term 
collection (30 to 90 minutes). Mayrs (1924) also used a can­
nulation technique for collecting chicken's urine directly 
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from the ureters in studying uric acid excretion. 
Davis (1927) was the first to attempt a complete parti­
tion of the nitrogenous components found in hen urine. Im­
mobilizing hens by anesthesia or by physical restraint and 
collecting urine for two-hour periods by a tube inserted in 
the cloaca, he observed a urine volume of 700 milliliters per 
twenty-four hours. Analyses of the urine showed that of the 
total nitrogen excreted, 62.9, 17.3, 10.4 and 8.0 percent was 
excreted in the form of uric acid, ammonia, urea and creatine-
creatinine, respectively. Coulsen and Hughes (1930) collected 
hen urine in essentially the same manner and, in addition to 
substantiating the nitrogenous composition as given by Davis 
(1927), detected the presence of non-uric acid purines. 
Young and Dreyer (1933) studied the excretion of uric 
acid and urates in chicken urine. They noted that birds under 
anesthesia during urine collection exhibited extreme diuresis. 
Normal chickens were found to excrete only 30 to 120 milli­
liters of urine every 24 hours. The viscous consistency of 
urine was concluded to be due to uric acid and urate deposits. 
At the normal pH of approximately 5.5, the urine was found to 
be supersaturated with uric acid. 
Pitts and Korr (1938) and Korr (1939) were among those 
researchers who collected urine by inserting a tube into-the 
cloaca. Hester et al. (1940) compared this method of urine 
5 
collection with techniques involving cannulation of the ure­
ters or exteriorizing the ureters. Little difference due to 
collection technique was observed with regard to urine volume 
and characteristics. The normal urine volun 2 by any of the 
three techniques was approximately 124 milliliters per bird 
every twenty four hours. Hart and Essex (1942) exteriorized 
either the recta or ureters in investigating the role of the 
cloaca in water metabolism of the hen. Neither method ap­
peared to be more advantageous than the other for short term 
urine collection. 
Airyoshi and Morimoto (1956) and Richardson ejt al. (I960) 
developed the technique of exteriorizing the recta through 
the abdominal wall of the adult chickens for long terra urine 
and feces collection. These workers utilized modifications 
which markedly improved this technique. Richardson (1959) em­
ployed the technique in observing the effects of energy and 
protein levels on nitrogen retention and nitrogenous urine 
components of laying hens. 
Dixon and Wilkinson (1957) and Newberne ert al. (1957) 
described slightly differing surgical techniques for exteri­
orizing the ureters of hens and four-week-old chickens, re­
spectively. The latter workers reported that satisfactory 
continuous separate collections of feces and urine could be 
maintained up to two weeks. O'Dell et al. (1958) utilized 
the latter method in studying arginine metabolism in the grow­
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ing chick. O'Dell £t al. (1960) again used surgical exteri­
orization of the ureters in determining the distribution of 
the major nitrogenous compounds in the urine of 5 to 6 week 
old chickens. Their investigation showed the distribution of 
urinary nitrogen in the form of uric acid, ammonia, urea, 
creatinine-creatine, amino acids and undetermined nitrogen to 
be 80.7, 10.5, 4.5, 0.9, 2.2, and 1.2 percent of the total 
nitrogen, respectively, when chicks consumed a practical 
ration. 
In brief summary, it is obvious that techniques used to 
collect urine and feces separately in chickens vary a great 
deal. Techniques involving cannulation of the ureters or in­
sertion of a collecting tube into the cloaca have the disad­
vantage of placing a physiological stress on the bird due to 
anesthesia and/or physical restrainment. Also such techniques 
are suitable for only short-term urine-collection periods. 
For continuous collection of feces and urine, exteriori­
zation of the rectum has proved useful when adult chickens are 
used. However, this method has never been used successfully 
with young growing chickens. Surgically exteriorizing the 
ureters has been used for short-term urine collections but not 
until Newberne ejt al. (1957) refined the technique has it been 
useful for long-term collections. Apparently, on the basis of 
0,Dell et al. (1958) and O'Dell et al. (1960) results, this 
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technique is and will continue to be satisfactory and useful 
in studying metabolism of the chicken. 
Estrogen, Androgen and growth hormone-nitrogen metabolism 
of the chicken 
The influence of an estrogen on growth rate, feed effi­
ciency and carcass composition of young chickens has been 
studied extensively (Lorenz, 1943; Jaap and Thayer, 1944; 
Hebert and Brunson, 1957 and Sell, 1958). However, virtually 
no research has been done on the effects of estrogens on metab­
olism in chickens. Eaton et jal. (1955) studied nitrogen re­
tention of 5 to 7 week-old chickens in relation to estrogen 
treatment. Implants of 15 to 20 milligram stilbestrol pellets 
had little immediate effect on nitrogen retention as compared 
to control birds whether fed a 17 or 25 percent protein ration. 
A decrease in percent nitrogen retention was noted during the 
latter stages of prolonged estrogen treatment. Libby ejt al. 
(1955) found that 0.5 milligram diethylstilbestrol injected 
daily for 28 days seemed to decrease nitrogen retention of 
4-week-old cockerels. 
The effect of estrogenic compounds on nitrogen metabolism 
in other non-ruminant species has not been investigated to 
any appreciable extent. However, numerous studies have been 
conducted in the field of ruminant nutrition. Clegg and Cole 
(1954) reported that steers treated with diethylstilbestrol 
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retained twice as much nitrogen as non-treated steers receiving 
the same ration. Preston (1958) obtained similar results 
when hexestrol was implanted in lambs. 
Struempler and Burroughs (1959) conducted a detailed in­
vestigation on the effects of diethylstilbestrol on protein 
utilization by ruminants. The synthetic estrogen had no in­
fluence on the digestibility of protein but significantly in­
creased nitrogen retention of lambs fed an adequate level of 
protein. The magnitude of increased nitrogen retention induced 
by diethylstilbestrol was essentially the same as when bovine 
growth hormone was administered to the lambs; however, a com­
bination treatment of diethylstilbestrol-growth hormone showed 
that their effects on nitrogen retention were not additive. 
The increased nitrogen retention noted in this investigation 
was accompanied by increased weight gains as compared to non-
treated animals. 
That androgens were effective in promoting nitrogen re­
tention was first reported by Kochakian and Murlin (1935). 
They found that the injection of male hormone into castrate 
dogs markedly decreased urinary nitrogen excretion, had no ef­
fect on fecal nitrogen and failed to alter nitrogen level in 
the blood. This indicated true nitrogen storage. Bartlett and 
Stevenson (1954) observed increased nitrogen storage, increased pro­
tein synthesis and decreased amino acid catabolism in dogs treated 
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with testosterone. Kochakian et al. (1947) and Gordon et al. 
(1947) have demonstrated increased nitrogen retention induced 
by testosterone in normal, castrated and hypophysectomized 
rats. Experiments with humans have shown similar results, 
(Abels et al., 1944 and Nimni and Geiger, 1957). 
Eaton e_t al. (1955) conducted a study on the influence of 
androgen on nitrogen balance of the chicken and found that 
daily injections of 0.5 to 1.0 milligram of testosterone ex­
erted no effect on nitrogen retention of 5 to 7 week old cock­
erels. It has been shown that various androgens have little 
effect on growth rate of immature chickens, (Turner, 1948) and 
Casida ejt al. (1959). However, Her rick (1945) observed in­
creased collagen nitrogen and increased tensile strength of 
muscular tissue in immature females and capons receiving tes­
tosterone propionate injections. 
In 1921, Evans and Long reported that alkaline extracts 
obtained from bovine anterior pituitary bodies produced gi­
gantism when injected into rats. Since that time, interest 
in the influence of growth hormone on metabolism whereby growth 
and nitrogen storage are increased has continued to intensify. 
Smith (1930) showed that the growth impairment noted in hy­
pophysectomized animals could be alleviated by daily injections 
of pituitary extracts. Lee and Schaffer (1934) reported that 
rats treated with growth hormone retained more nitrogen than 
controls. Carcass studies revealed a higher water content and 
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lower fat content in the treated rats as compared to controls. 
Gordon _et al. (1948) made several studies on growth hor­
mone treatment in rats fed a diet that varied in quality and 
quantity of protein. It was observed that on a low protein 
diet, growth hormone was capable of inducing nitrogen reten­
tion without an accompanying gain in body weight. However, 
their data showed that there was a correlation between the 
amount of nitrogen retained, as induced by growth hormone 
treatment, and body weight gain indicating true nitrogen stor­
age. 
In 1951, Gaebler £t al. confirmed earlier observations 
while using purified growth hormone preparations. Nitrogen 
storage of treated dogs was markedly increased. Struempler 
and Burroughs (1959) have shown that bovine growth hormone 
significantly increased nitrogen retention and weight gain of 
normal lambs. It is generally recognized that immature rats, 
swine, cattle, monkeys and humans exhibit increased nitrogen 
retention following growth hormone treatment, (Smith et al., 
1955). 
The response of chickens to mammalian growth hormone has 
generally been variable. Wang et al. (1952) were the first to 
observe that chick embryos receiving mammalian growth hormone 
injections were slightly heavier at hatching time than non-
treated embryos. Growth hormone also increased percent hatch-
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ability and elevated blood sugar level of hatched chicks. 
Sobel (1958) reported that growth hormone was capable of 
offsetting embryonic mortality, growth depression of hatched 
.chicks, and disturbances in electrolyte and sugar metabolism 
caused by cortisone injections into developing embryos. Ef­
fects of independent growth hormone administration were not 
reported. 
Libby elç al. (1955) found that 1 to 2 milligrams of mam­
malian growth hormone injected daily into 4-week-old chicks 
reduced growth rate and feed efficiency. They also observed 
that growth hormone treatment of 14 day embryos had little ef­
fect on body weight or blood sugar level at hatching time. 
Eaton ejt al. (1955) showed that mammalian growth hormone 
did not alter growth rate or nitrogen retention of growing 
chickens. On the other hand, Krzymowski (1956) obtained a 62 
percent increase in weight gains during the first week of life 
when chicks received 10 milligrams of growth hormone per kilo­
gram body weight every second day. However, weight gains of 
the treated birds were less than the control over the succeed­
ing 4 weeks. A rise in blood sugar which returned to normal 
within 24 hours was observed after single injections of growth 
hormone. 
Carter et al. (1955) observed virtually no alteration in 
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growth of pullets or hens receiving 1 or 2 milligrams of 
growth hormone daily. These-treatments markedly decreased 
egg production by both the pullets and mature hens. 
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EXPERIMENTAL 
Materials and methods 
Male crossbred (Vantress x Arbor Acre) chickens ranging 
from 6 to 7 weeks of age were used in all experiments. The 
chickens were placed in specially constructed individual wire 
cages measuring 18 x 18 x 14 inches at 4 to 5 weeks of age; 
thus ample time was allowed for adaptation prior to starting an 
experiment. Individual waterers and feeders were provided for 
each bird. Water and feed were given ad libitum except in 
special instances to be indicated later. The individual cages 
were located in a heated room which had adequate ventilation. 
The ration presented in Table 1 was employed in the three 
trials. The ration was selected because it had supported ex­
ceptionally good growth of chickens from 4 to 10 weeks of age 
in previous experiments. In studying the influence of various 
hormone treatments on nitrogen metabolism, this writer thought 
that a high energy, practical ration which provided ample, but 
not excess, balanced protein would lend itself to obtaining 
fundamental and practical information from this study. 
The cockerels were prepared for separate urine and feces 
collections, by a method to be described, 3 days before be­
ginning a pre-treatment test periods. Pre-treatment test period 
of 2 to 4 days, during which urine and feces were collected, 
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Table 1. Composition of the basal ration used for Experi­
ments 500, 501, and 507 
Ration Percent 
60.00 
13.00 
5.00 
5.00 
4.00 
1.00 
10.00 
0.50 
0.50 
1.00 
100.00 
Calculated analysis 
Protein 18.40 
Fat 13.52 
Crude fiber 2.19 
Calcium 0.97 
Phosphorous 0.67 
Calories (productive energy) per lb. 1202 
Ground yellow corn 
Soybean meal (50%) 
Fish meal 
Meat and bone scrap (50%) 
Wheat middlings 
Dehydrated alfalfa meal (20%) 
Soybean oil 
Oyster shell 
Salt premix3 
ANRC premixb 
aSalt and trace mineral mix supplied the following per 
pound of ration: 
Sodium chloride 
Manganese 
Iodine 
Iron 
0.50% 
55.00 mg. 
0.25 rag. 
18.00 mg, 
Copper 
zinc 
Cobalt 
Sulphur 
1.36 mg. 
1.30 mg. 
0.23 mg. 
7.70 rag. 
^ANRC premix supplied the following per pound of ration: 
Vitamin A 
Vitamin D3 
Riboflavin 
Pantothenic 
Niacin 
Choline 
3600.00 IU 
340.00 ICU 
1.50 rag. 
acid 3.00 rag. 
15.00 rag. 
282.00 rag. 
Vitamin E 
Menadione 
Penicillin 
Methionine 
Vitamin B3.2 
2.00 mg. 
1.00 mg. 
2.00 mg. 
0.05 % 
3.00 meg. 
Arsanillic acid45.00 rag. 
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were used for two reasons : (1) to allow the chickens to ad­
just to the collection apparatus and (2) to obtain nitrogen 
excretion data on birds which were to later receive hormone 
treatment, thereby obtaining an additional check on treatment 
effects. 
The fecal and urine collecting bags were emptied every 
8 hours during the experiments. The urine collections from 
each individual bird were pooled over 48 hour periods as were 
the fecal samples. The urine and fecal collections were 
placed in pint jars and stored in a cold room until completion 
of each 2-day collection. For preservative purposes, boric 
acid was added to these samples at collection time. 
Weight gain and feed consumption data were recorded at 
the end of each 2-day period corresponding to the urine and 
feces collection times. 
The fecal collections obtained over each 2-day interval 
were analyzed for total nitrogen by the macro-Kjeldahl tech­
nique. The 2-day urine samples were blended at 16,000 revo­
lutions per minute in an Omni-mixer to disperse the precipi­
tated uric acid granules as thoroughly as possible. After 
aliquots of urine were taken for total nitrogen analysis by 
the macro-Kjeldahl technique, the blended urine samples were 
placed in plastic bottles and frozen. Later, determinations 
for uric acid, ammonia, urea, creatinine and creatine were 
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made on the thawed samples. The analytical methods employed 
in determining these nitrogenous urine components are described 
in the Appendix. 
The nitrogen absorbed was calculated as being equal to 
the difference between the total nitrogen ingested and that 
excreted in the feces. Retained nitrogen was calculated as 
being equal to the difference between total nitrogen ingested 
and the nitrogen excreted in the feces and urine. 
A great deal of time was spent in establishing a satis­
factory method of surgically modifying the growing chicken 
for separate urine and feces collections over extended time-
periods. Attempts made to adapt the technique described by 
Richardson (I960) to immature chickens were unsuccessful. 
This technique required exteriorization of the rectum through 
an artificial anus made in the abdominal wall. Urine would 
then continue to be excreted through the cloaca, while fecal 
material was passed through the artificial anus. The opera­
tive procedure offered no difficulty. However, the artificial 
anal opening could not be maintained for any appreciable time. 
The derma surrounding the new anus rapidly encroached on the 
opening causing closure of the orifice. This resulted in de­
fecation difficulties and constipation. The use of a special­
ly constructed glass cannula inserted in the artificial anus 
failed to remedy this situation regardless of whether the 
chickens consumed a practical, semi-purified or purified diet. 
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A technique of exteriorizing the ureters, essentially 
the same as described by Newberne et al. (1957), was tried 
and proved to be satisfactory. The operative procedure as used 
in this investigation is described in the following paragraphs. 
A chicken was anesthetized with combuthal* by intravenous 
injection of a quantity sufficient to produce a surgical 
level of anesthesia for the duration of the operation. After 
the bird was anesthetized, the area around the tail was freed 
of feathers. The bird was then strapped to a specially con­
structed operating board. Incisions were made at each later­
al margin of the anal ring and the dorsal portion of the anal 
ring was sutured to the ventral surface of the tail. After 
exposing the urethral openings by partially everting the 
cloaca, an incision was made longitudinally immediately later­
al to each ureter. This freed the dorsal portion of the proc­
todeum so that it could be reflected and sutured to the ven­
tral surface of the tail. Proper placement of sutures, taking 
care not to ligate a ureter, fixed the urethral openings in 
an exposed position. Best results were obtained when the 
tissue surrounding the ureters was gently stretched prior to 
suturing this tissue, firmly but not tightly, to the ventral 
tail surface. 
^Combuthal, a mixture of pentobarbital sodium and thio­
pental sodium supplied by Abbott Laboratories, Chicago, 111. 
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To facilitate separate urine and feces collection, the 
top from a plastic bottle vrtiich measured 2 centimeters in 
diameter was securely fastened with six interrupted sutures 
to the ventral tail surface. The plastic bottle top was 
placed in such a position that the urethral openings appeared 
approximately in the center. Precautions were taken to in­
sure that the anal opening would not be obstructed. Collec­
tion of urine was accomplished by slipping a rubber toy bal­
loon over the open end of the plastic bottle top. 
A ring-top from a pint-jar lid was sutured to the an-
terior-dorsal tail surface and to the skin over the ends of 
the pelvic bones. Additional sutures were placed in the skin 
of the abdominal area so that the ring was held in a fixed 
position completely surrounding both the anal orifice and the 
rubber receptacle for urine. A plastic bag, large enough to 
enclose the urine-collection balloon and to hold the feces, 
was secured to the jar-lid ring by a pipe cleaner. 
The chicken usually recovered from anesthesia within 2 
to 4 hours at which time it began to eat and drink. It was 
noted that essentially no weight loss could be demonstrated 
approximately 24 hours after the operation. This indicated 
complete recovery and little stress due to the operation or 
to the collection apparatus. Thus, it became quite feasible 
to begin the trial 3 days after the surgical modifications 
were made. 
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Separate collection of urine and feces could be maintained 
satisfactorily for 7 to 10 days post-operation. At this time, 
a suture holding the urine-collection tube would occasionally 
come loose due to the chicken literally growing out of the 
suture. However, since the collection receptacles were emp­
tied every 8 hours, this could be remedied by replacing the 
loose suture before separate collection was lost. Thus, 
separate collection of urine and feces could be maintained 
for 12 to 16 days, so long as care was taken in observing the 
adequacy of the sutures each time the receptacles were emptied. 
Experiment 500 
Procedure Six cockerels, 6 weeks of age and of ap­
proximately equal weight, were surgically modified in prepara­
tion for separate urine and feces collection. An additional 
three birds were prepared for total excreta collection with 
no surgical modification involved. The cockerels were ran­
domly assigned to nine individual experimental cages. Three 
days after the operation, collections of total excreta from 
the three non-modified birds and collections of urine and feces 
from birds having exteriorized ureters were begun. During 
the first 4 days of collection, no hormone treatment was ap­
plied. 
At the end of the fourth day, three randomly designated 
cockerels having exteriorized ureters were given 15 milligram 
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pellet implants of diethylstilbestrol in the neck region. 
The remaining three modified cockerels were continued as 
during the pre-treatment period, serving as controls. Col­
lections were obtained from the three non-modified birds 
over the first 8 days of the experiment to ascertain any ef­
fect on growth and nitrogen retention which might be caused 
by exteriorization of the ureters. 
Urine and fecal samples were stored and analyzed as pre­
viously described at the end of each 2-day collection period. 
The experiment was terminated at the end of 14 days (10 days 
after estrogen treatment). 
Results The weight gains and feed efficiencies for 
the 4-day pre-treatment period presented in Figure 1 show 
that there was essentially no difference between the normal 
controls, controls with exteriorized ureters or modified 
cockerels about to receive diethylstilbestrol implants. 
Efficiency of feed utilization over the 10-day post-
treatment period was not altered appreciably by diethylstil­
bestrol treatment as shown in Figure 1. However, the weight 
gain of diethylstilbestrol-treated cockerels was increased 
by 52 percent over that of the controls. This increase in 
weight gain was apparent within 2 days after estrogen treat­
ment and was sustained over the entire post-treatment period. 
< 
Figure 1. Weight gain and feed efficiency of 6 to 8-week-old cockerels during pre-
treatment and post-treatment periods (Av. of 3 birds per value)—Exp. 500 
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The data on nitrogen intake, absorption and retention, 
and distribution of nitrogenous urine components are tabu­
lated in Table 3, Section A of the Appendix. 
The percent of dietary nitrogen absorbed, as shown in 
Figure 2 was not changed appreciably by estrogen treatment. 
Figure 2 also shows that the percent of dietary nitrogen re­
tained during the pre-treatment period was approximately the 
same for the cockerels in each of the three categories. The 
cumulative nitrogen retention values for the post-treatment 
period given in the same figure indicate that diethylstil-
bestrol decreased the cockerel's ability to retain nitrogen 
as compared to non-treated birds. This effect did not appear 
immediately after estrogen implantation but was quite prom­
inent by day 6 of the post-treatment period. The decrease 
in percent nitrogen retention by estrogen-treated cockerels 
became progressively larger from day 6 through day 10 of the 
post-treatment period. 
Accompanying the 52 percent increase in weight gain was 
a corresponding increase in feed intake. Figure 3 presents 
the feed consumption and total urinary nitrogen data tabu­
lated for each 2-day interval of the experiment. As would be 
expected, total urinary nitrogen was directly related to feed 
intake except for a slight deviation by the estrogen-treated 
cockerels at days 12 and 14 of the experiment. At these in-
Figure 2. Percent of dietary nitrogen absorbed and retained by 6 to 8-week-old 
cockerels during pre-treatment and post-treatment periods (Av. of 3 
birds per value)—Exp. 500 
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tervals, total urinary nitrogen was relatively high in re­
lation to feed intake and this was reflected in the percent 
nitrogen retention values for the same periods. 
The patterns of uric acid nitrogen and ammonia nitrogen 
excretion presented in Figure 4 show that the excretion of 
these urine components corresponds closely to total nitrogen 
in the urine. This relationship was not altered by diethyl-
stilbestrol treatment. 
The data shown in Figure 5 indicate that the excretion 
of nitrogen in the form of creatine underwent no consistent 
change whether related to estrogen treatment or to total 
urinary nitrdfêènV* Urea nitrogen excretion by the diethyl-
stilbestrol-treated cockerels increased as compared to the 
controls-but this increase was not of the magnitude found in 
total nitrogen, uric acid nitrogen or ammonia nitrogen. The 
creatinine nitrogen excretion pattern more nearly followed that 
of total urinary nitrogen. 
The distribution of nitrogenous urine components ex­
pressed as total quantities and as percentages of the total 
urinary nitrogen is shown in Figure 6. It can be seen that 
although total nitrogen, uric acid nitrogen, ammonia nitrogen, 
urea nitrogen, creatinine nitrogen and creatine nitrogen ex­
cretions were increased in quantity from the diethylstilbes-
Figure 4. Uric acid and ammonia nitrogen in the urine of 
6 to 8-week-old cockerels (Each point an average 
of 3 birds)—Exp. 500 
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Figure 5. Urea, creatinine and creatine nitrogen in the 
urine of 6 to 8-week-old cockerels (Each point 
an average of 3 birds)—Exp. 500 
MILLIGRAMS 
UREA 
NITROGEN 
MILLIGRAMS 
CREATININE 
NITROGEN 
ro 
o o 
m 
o 
m w 
II 
co r~ 
CD 
m 
co 
H 
3) 
O 
5  
1 
o 1X1 
5  
O 
*T1 
m 
x 
"D 
m 
JO 
CD -
00 
go 
H 
ro 
"1 
o 00 o 
o 
ro 
b 
MILLIGRAMS 
CREATINE 
NITROGEN 
-Ps _ — — 
0 °xx O •£> 00 
1  r v r n  1 1  
Figure 6. Distribution of nitrogenous urine components of 
6 to 8-week-old cockerels over a 10-day period 
expressed as total quantities and percentages of 
total nitrogen (3 birds per treatment)—Exp. 500 
34 
2400_ 
2200 
z 
o2000 
o 
oc 
h-
>1800 
< 
z 
oc 
D 
w 1600 
^ 1400 
1300 
_I00 
_ 90 
z 
LU 
CD 
O 
80 h 
> 
oc 
< 
70 z 
cr 
Z) 
Li_ 
O 
60 ^  
M J_1 i "1^ 
DES 
URIC ACID N 
^ AMMONIA N 
* UREA N 
• CREATININE + CREATINE N 
• UNDETERMINED N 
35 
strol-treated cockerels, the change in these components when 
expressed as a percent of the total nitrogen was relatively 
small. Also the sum of the uric acid nitrogen and ammonia 
nitrogen percentages gave exactly the same total regardless 
of treatment or total quantity of nitrogen excreted in the 
urine. 
Discussion The weight gain, feed efficiency and ni­
trogen retention data collected during the pre-treatment 
period show that these factors were not changed appreciably 
by surgical modification of the cockerels. This indicates 
that data obtained from cockerels having exteriorized ureters 
would be valid and applicable to normal chickens. 
The 52 percent stimulation of weight gain caused by di-
ethylstilbestrol, accompanied by essentially no alteration in 
efficiency of feed utilization, had been noted previously at 
this station (Sell and Balloun, 1959). Generally, however, 
results of other workers have shown that diethylstilbestrol 
exerts little influence on growth rate and nearly always de­
presses efficiency of feed utilization (Casida et al., 1959). 
These discrepancies can be partially explained by pointing 
out possible differences in rations fed and types of chickens 
used. Little research has been done in the area of ration 
effects in relation to response to estrogen treatment. Camp 
36 
et al. (1957) have shown that high energy, low protein rations 
are most conducive to obtaining desirable results from di-
ethylstilbestrol treatment. Prater (1960) reported that maxi­
mum growth and feed efficiency of diethylstilbestrol-implanted 
cockerels was obtained at an energy level of at least 1200 
calories productive energy per pound of ration when the pro­
tein level was adequate. He also found that at high energy 
levels, chickens receiving estrogen produced more weight in­
crease per unit of protein ingested than when fed low energy 
rations. It is this writer's contention that the ration used 
in this study, which was adequate in protein and high in 
energy, was probably tne underlying factor in obtaining the 
weight gain response to diethylstilbestrol. Of course, the 
chickens being used must possess the growth potential to 
properly respond to estrogen treatment and this is an important 
consideration in making comparisons to earlier work. 
The data show that diethylstilbestrol stimulated appetite 
to the extent that treated cockerels consumed 50 percent more 
feed than the controls. This increased feed being consumed 
was then converted to body weight gains just as efficiently 
as in the control birds that were consuming a smaller quanti­
ty of feed. 
The absorption of ingested nitrogen was virtually unaf­
fected by estrogen treatment. The percent of ingested nitro­
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gen retained was not changed during the first 4 days after 
diethylstilbestrol implantation. However, a progressive de­
crease in percent nitrogen retention was observed during the 
remainder of the treatment period and was quite prominent by 
day 10 of the post-treatment period. At this time, nitrogen 
retention by estrogen-treated cockerels was approximately 18 
percent less than that of the controls. This depressing ef­
fect of estrogen on nitrogen retention had been observed pre­
viously by Eaton et aJL. ( 1955) and Libby elb al. (1955). 
According to the growth and nitrogen balance data, it 
can be stated that during the early stages of estrogen treat­
ment, weight gain of the bird is enhanced due to increased 
feed intake accompanied by little change in metabolic effi­
ciency or pattern. As estrogen treatment is continued, 
either of two possible changes in protein metabolism may occur: 
(1) the ability of the bird to efficiently utilize the in­
creased quantity of nitrogen entering the metabolic system 
decreases or (2) a change in metabolism takes place whereby 
increased quantities of fat to be deposited as adipose tissue 
is synthesized partially at the expense of protein. Either of 
these two possible alternatives would account for the decreased 
ability of estrogen-treated cockerels to retain absorbed ni­
trogen. The latter supposition must be favored in view of 
the fact that, although less protein was being laid down as 
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body tissue, weight gains were of the same magnitude as when 
nitrogen retention was at a higher level. Therefore, some type 
of tissue (adipose) was deposited in lieu of the decreased pro­
tein in order to maintain the same-level of body weight gain. 
The assumption that fat synthesis is being increased by 
diethylstilbestrol partially at the expense of protein is fur­
ther supported by the volume of reports showing that after ap­
proximately 2 weeks of estrogen treatment, the fat content of 
chicken carcasses is increased while protein and water content 
is decreased (Lorenz, 1954; Casida, 1959 and Prater, 1960). 
Diethylstilbestrol did not alter the percent of urinary 
nitrogen excreted as urea, creatinine or creatine, but the total 
quantity of these substances was increased as compared to the 
control group. This increase, largely in the urea fraction, is 
similar to the total urinary nitrogen increase and probably is 
the result of increased arginine intake and metabolism. The 
estrogen caused an increase in uric acid nitrogen along with a 
decrease in the ammonia nitrogen fraction of the urine. These 
changes, approximately 1.9 percent of the total urinary nitro­
gen in both instances, were too small to be considered of sig­
nificance in relation to diethylstilbestrol treatment. These 
results indicate that although there was apparently some alter­
ation in protein metabolism by the estrogen-treated cockerels, 
this change was not reflected by any marked alteration in the 
percentages of the nitrogenous urine components. 
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Experiment 501 
Procedure Six cockerels, 6 weeks of age and of approxi­
mately equal weight, were surgically modified and, 3 days after 
the operation, were subjected to collection of urine and feces. 
Androgen treatment was not applied during the first 4 days of 
excreta collections. 
At the beginning of day 5, three randomly designated cock­
erels were given daily intramuscular injections of 1.25 milli­
grams (each) of methyl testosterone dissolved in ethyl alcohol. 
The three cockerels serving as controls received daily injec­
tions of the alcohol carrier only. Two-day collection inter­
vals were again employed and the experiment was terminated at 
the end of 12 days (8 days after the start of methyl testos­
terone injections). 
Results The weight gains and feed efficiencies of the 
control cockerels and cockerels to receive methyl testosterone 
were very similar during the 4-day pre-treatment period, as 
shown in Figure 7. The data for the 8-day post-treatment period 
presented in Figure 7 show that 1.25 milligrams of methyl 
testosterone administered daily depressed weight gain by 17 
percent as compared to the controls. The weight gain decrease 
caused by the androgen was of constant magnitude throughout 
the treatment period and was not accentuated by continuous 
treatment. 
Figure 7. Weight gain and feed efficiency of 6 to 8-week-old cockerels during pre-
treatment and post-treatment periods (Av. of 3 birds per value)—Exp. 501 
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Efficiency of feed utilization was not changed appreciably 
by testosterone treatment. 
The data on nitrogen intake, absorption and retention, 
and distribution of nitrogenous urine components are tabulated 
in Table 4, Section A of the Appendix. 
The data presented in Figure 8 show that the percent of 
- ingested nitrogen digested and absorbed was essentially the same 
for the control and androgen-treated groups during both the 
pre-treatment and post-treatment periods. There was a differ­
ence in the percent of ingested nitrogen retained in favor of 
the androgen-treated group during the post-treatment period. 
However, this difference was approximately the same as the ad­
vantage shown by the testosterone-treated cockerels in this re­
spect during the pre-treatment period and cannot be considered 
as due to androgen treatment. 
Concurrently with the growth depressing effect of methyl 
testosterone, feed intake was decreased and this was reflected 
by a decrease in the total urinary nitrogen. Figure 9 presents 
the data on urinary nitrogen and distribution of nitrogenous 
components of the control and methyl testosterone-treated cock­
erels. Quantities of nitrogen and percentages of total urinary 
nitrogen excreted as uric acid, ammonia and creatine were vir­
tually the same for the control and androgen-treated groups. 
The absolute quantity of creatinine nitrogen excreted was not 
I 
Figure 8. Percent of dietary nitrogen absorbed and retained by 6 to 8-week-old 
per value)--Expf ^-treatment and post-treatment periods (Av. of 3 birds 
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changed by methyl testosterone but due to the smaller amount 
of total urinary nitrogen excreted by this group, the propor­
tion of creatinine nitrogen to total nitrogen was slightly in­
creased. The amount of urea nitrogen and the percent of the 
total nitrogen excreted as urea were increased 15 and 20 per­
cent, respectively by methyl testosterone. These data are shown 
in Figure 10. 
Discussion The weight gain depression caused by methyl 
testosterone agrees with Turner's (1948) report that various 
androgens orally-administered to growing chickens suppressed 
weight gains. Turner noted one exception however; this being 
a sligh^stimulation of weight gain made by chickens fed 10 
milligrams of methyl testosterone per kilogram of ration. 
Eaton et, al. (1955) found growth rate to be unaffected when 5-
week-old male chicks were given daily injections of 0.5 to 1.0 
milligrams of androgen for 7 days. Turner (1948) observed 
that efficiency of feed utilization was not appreciably altered 
by androgen treatment. This observation was substantiated in 
this experiment. 
Since the percent of dietary nitrogen absorbed was not 
changed, it can be assumed that methyl testosterone exerted no 
influence on protein digestibility by the cockerels. The 
failure of methyl testosterone to increase nitrogen retention 
of the treated cockerels is in contrast to this hormone's ef-
50 
feet on many other species. Since Kochakian and Murlin (1935) 
reported increased nitrogen retention by dogs due to androgen 
treatment, it has been repeatedly demonstrated that androgen 
promotes protein anabolism in rats, dogs and humans (Dorfman 
and Shipley, 1956). The results of this trial substantiate 
the work of Eaton et al. (1955) showing no influence of daily 
injections of androgen on nitrogen retention of male chickens. 
Methyl testosterone did not alter the percent of total 
urinary nitrogen excreted as uric acid, ammonia or creatine as 
compared to the control group. The unchanged excretion of the 
uric acid and ammonia fractions could be anticipated since no 
major alteration in protein metabolism seemed to have occurred. 
The excretion pattern of creatine was followed with interest in 
view of reports by Hoberman et _al. (1948) and Simms (1949) 
that methyl testosterone administered to humans stimulated 
creatine synthesis and resulted in creatinuria. However, the 
rate of creatine excretion was not changed by methyl testos­
terone in this investigation. 
Evidence that creatinine excretion is relatively constant 
when chickens consume slightly varying quantities of nitrogen 
is shown by the fact that the absolute creatinine nitrogen ex­
cretion was essentially the same for the two treatment groups. 
The increased urea excretion, absolute and when expressed 
as a proportion of total urinary nitrogen, due to androgen 
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treatment may be of significance when related to arginine me­
tabolism. It is generally regarded that urea originates from 
arginine metabolism in the chicken (0*Dell et al., 1958). 
Thus, it would appear that methyl testosterone may stimulate 
arginine metabolism in the chicken. Evidence that methyl 
testosterone may affect arginine metabolism was presented by 
Simms (1949). He simulated the effect of methyl testosterone 
in causing creatinuria in human subjects by administering the 
arginine metabolite, guanidoacetic acid, and postulated that 
methyl testosterone caused creatinuria by enhancing arginine 
metabolism. 
The data of this experiment suggest that arginine metabo­
lism in the chicken may be stimulated by methyl testosterone 
but instead of resulting in excessive creatine synthesis and 
creatinuria as in humans, urea formation is increased. 
In general the values obtained for the distribution of 
nitrogenous urine components expressed as percentages of total 
urinary nitrogen substantiated those determined in Experiment 
500. The average value for uric acid nitrogen was lower than 
that obtained in Experiment 500 but this was due to a modifi­
cation in the analytical procedure employed in Experiment 501. 
This modification is discussed in Section B of the Appendix. 
Experiment 507 
Procedure Seven cockerels, 6 weeks of age and of 
52 
approximately equal weight, were prepared for separate urine 
and feces collection by surgically exteriorizing the ureters. 
Three days after the operation was performed, separate collec­
tions were begun. At the end of a 2-day pre-treatment period, 
four randomly selected cockerels were given daily intramuscular 
injections of 5 milligrams (each) of porcine growth hormone 
preparation* suspended in physiological saline solution. The 
three cockerels serving as controls received daily injections 
of physiological saline only. 
Two-day collection intervals were used over the 16-day 
experiment duration. In order to further study the effect of 
growth hormone on nitrogen metabolism, and to determine the dis­
tribution of nitrogenous urine components, during periods of 
feed deprivation, the cockerels were subjected to 48-hour fasts 
during days 3 to 5 and 13 to 15 of the experiment. Urine and 
feces were collected during the fasting periods and at the end 
of each fast, blood was taken from each cockerel by heart probe 
for subsequent analysis for reducing sugar. Blood samples 
were also drawn from all cockerels at days 7, 11, and 16 of the 
experiment for reducing sugar determinations by the method of 
Benedict as described by Hawk ejt jal. (1947). 
jRaben type porcine growth hormone preparation, ap­
proximately 70 percent pure. 
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The urine samples were analyzed for uric acid, ammonia, 
urea, creatinine, creatine and reducing sugar content. 
Results The data on weight gain and feed efficiency 
during non-fasting periods and on weight loss during periods of 
fast are presented in Figure 11. Weight gain and efficiency of 
feed utilization were depressed 16 percent by growth hormone t 
treatment during non-fasting periods. However, during the 2-day 
intervals of recovery from the 48-hour fasts, weight gain and 
feed efficiency were not altered by growth hormone treatment. 
The amount of weight lost by growth hormone-treated cockerels 
during fasting was approximately 11 percent less than that of 
the controls. 
The data on nitrogen intake, absorption and retention, 
and distribution of nitrogenous urine components are tabulated 
in Table 5, Section A of the Appendix. 
Figure 12 shows that the percent dietary nitrogen absorbed 
during ad libitum feeding or during periods of recovery from 
fast was not changed by hormone treatment. The fraction of 
dietary nitrogen retained was essentially the same during ad 
libitum feeding periods. Growth hormone increased percent ni­
trogen retention slightly during the 2-day recovery periods 
immediately following each fast. 
Figure 13 illustrates the ineffectiveness of porcine 
growth hormone in promoting nitrogen retention during periods 
of fast. The amount of urinary nitrogen excreted during fast-
Figure 11. Weight gain, weight loss and feed efficiency of 6 to 8-week-old 
cockerels as influenced by porcine growth hormone—Exp. 507 
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ing, whether expressed in total quantities or as milligrams 
per 100 grams of body weight, was not decreased by porcine 
growth hormone. 
The distribution of the nitrogenous urine components during 
non-fasting and fasting periods is presented in Figure 14. The 
quantity of uric acid nitrogen excreted by cockerels receiving 
growth hormone was less than that found in the urine of the 
controls during both periods. During non-fasting periods, this 
difference was accounted for by a decrease in the total nitro­
gen and an increase in the undetermined nitrogen fraction. How­
ever, the growth hormone-treated cockerels excreted appreciably 
less urinary nitrogen as uric acid during periods of fast. The 
portion of the figure showing the percent of urinary nitrogen 
eliminated as uric acid during periods of fast illustrates the 
10 percent decrease in uric acid nitrogen caused by growth 
hormone. This decrease in uric acid nitrogen was accompanied 
by a notable increase in the ammonia nitrogen fraction. The 
ammonia nitrogen fraction was increased 17.8 percent by growth 
hormone as compared to the controls during periods of fast. 
This increase in ammonia nitrogen only partially offset the de­
crease in uric acid nitrogen excretion. The remainder of the 
difference was accounted for by increases in the urea and 
creatinine-creatine fractions. 
Figure 15 shows the increase in urea nitrogen excreted by 
I 
Figure 14. Distribution of nitrogenous urine components of 6 to 8-week-old 
cockerels during non-fasting and fasting periods (Av. of 3 or 4 
birds per value)—Exp. 507 
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the growth hormone-treated cockerels as compared to the control 
group. This increase was largest during fasting. Figure 16 
illustrates that growth hormone had relatively little influence 
on the excretion of creatinine. Fasting caused a decrease in 
total quantity of creatinine nitrogen and also decreased the 
percent of urinary nitrogen eliminated as creatinine. 
The data presented in Figure 17 show that growth hormone 
had little influence on creatine nitrogen excretion during non-
fasting periods but caused a slight increase in this fraction 
during periods of fast. Both the quantity of creatine and per­
cent of urinary nitrogen excreted as creatine were markedly 
changed by fasting. During periods of fast, the cockerels ex­
creted more than 3 times the quantity of creatine nitrogen as 
was excreted during non-fasting periods. This increase was 
further magnified when creatine nitrogen was expressed as a per­
cent of total urinary nitrogen. 
The level of blood reducing sugar was not altered by growth 
hormone treatment or by fasting the cockerels for 48 hours as 
shown in Figure 18. The quantities of reducing sugar excreted 
in the urine were not changed by growth hormone treatment but 
fasting decreased urine reducing sugar level by approximately 
40 percent as compared to ad libitum feeding. 
Discussion The 16 percent depression in weight gain 
and efficiency of feed utilization caused by porcine growth 
/ 
Figure 16. Creatinine nitrogen in the urine of 6 to 8-week-old cockerels during 
non-fasting and fasting periods — Exp. 507 
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hormone agrees with the results of Libby e_t al. (1955). They 
reported that daily injections of 1 to 2 milligrams of mam­
malian growth hormone reduced weight gain and efficiency of 
feed utilization of 4-week-old chickens. Porcine growth hor­
mone was also ineffective in promoting weight gain during 
periods of recovery immediately following 48-hour fasts. The 
control cockerels lost more weight during periods of fast than 
did cockerels receiving growth hormone. This difference may 
be misleading in relation to hormone treatment since a sub­
stantial portion of the weight lost was due to emptying of the 
digestive tract. The fact that the cockerels treated with 
growth hormone were consuming less feed than the controls, es­
pecially just prior to the second period of fast, leads to the 
assumption that the difference in weight loss was due to a dif­
ference in the digestive tract contents at the beginning of 
fast rather than growth hormone treatment. 
The growth hormone treatment failed to increase nitrogen 
retention during periods when feed was not restricted or during 
periods of fast. A slight increase, approximately 5 percent, 
in nitrogen retention due to growth hormone treatment was ob­
served during the recovery periods following the 48-hour fasts. 
This increase was small and could not be correlated with a 
change in weight gain or any change in the distribution of 
nitrogenous urine components during the same periods. Eaton 
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et al. (1955) also found mammalian growth hormone to be inef­
fective for enhancing nitrogen retention of growing chickens. 
Disregarding the influence of hormone treatment, the changes 
in the excretion pattern of nitrogenous urine components were 
quite prominent during periods of fast as compared to non-
fasting periods. The percent of total urinary nitrogen ex­
creted as uric acid was approximately 80 percent during non-
fasting but fell to about 70 percent during fasting. There 
was a concomitant increase in ammonia excretion with ammonia 
nitrogen accounting for 11.5 percent of the urinary nitrogen 
during non-fasting periods as compared to 20.2 percent during 
fasting. This change in excretory pattern has been shown in 
mammals with regard to the major nitrogenous waste products, 
urea and ammonia (Walker ejt al., 1957). During periods of 
food deprivation, humans and other mammals excrete proportion­
ately less nitrogen as urea while more nitrogen is eliminated 
as ammonia. 
This influence of fasting on the major nitrogenous ex­
cretory products in mammals has been theorized to be due to 
the ketotic condition developed in animals deprived of food. 
More ammonia is required for conjugation with the excess keto-
acids in preparation for eliminating these organic acids as 
ammonium salts in the urine (Walker et al., 1957). A sizable 
74 
amount of ammonia which might normally be used for urea syn­
thesis in mammals or uric acid synthesis in birds would thus be 
unavailable for this purpose. The end result of this altera­
tion in chickens would be a decrease in the urinary nitrogen 
excreted as uric acid with an accompanying increase in ammonia 
nitrogen excretion. 
The administration of growth: hormone seemed to enhance 
this change in nitrogen excretory pattern by the cockerels. 
The growth hormone-treated group excreted proportionately more 
ammonia nitrogen and less uric acid nitrogen than did the 
control during fasting. It is improbable that this was due to 
true growth hormone activity but more likely was due to other 
hormonal activity present in the growth hormone preparation. 
Adrenocorticotropic hormone (ACTH) has been shown to be a 
contaminant of growth hormone preparations (Smith et. al., 1955). 
ACTE when administered to mammals during periods of fast, in­
creases the level of ketone bodies in the blood and urine 
(Turner, 1955). The assumption that ACTH exerts a similar in­
fluence on fasting chickens would then explain the increased 
ammonia and decreased uric acid nitrogen fractions observed 
in the urine of chickens treated with a growth hormone prepara­
tion that probably contained ACTH activity. 
The mechanism by which the growth hormone preparation in­
creased urea nitrogen excretion both in quantity and as a per­
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cent of total urinary nitrogen is not apparent. However, this 
effect was consistent whether the cockerels had access to or 
were deprived of feed. One can only surmise that kidney ar-
ginase activity was not enhanced but rather the level of cir­
culating arginine was slightly increased by a component (ACTH) 
of the growth hormone preparation. If urinary urea originates 
from the action of kidney arginase on circulating arginine in 
the chicken, then the small decrease in urea excretion of all 
cockerels during fasting as compared to non-fasting periods 
would indicate that the level of circulating arginine was re­
duced only slightly. This would be expected since circulating 
amino acid levels remain fairly constant during periods of 
fast (Schoenheimer, 1942). 
Growth hormone treatment had little effect on creatinine 
nitrogen excretion during fasting or non-fasting periods. The 
chickens innate ability to conserve nitrogen during periods 
of starvation is shown by the decrease in creatinine nitrogen 
excretion during fasting. The quantities of creatinine ex­
creted during fasting was decreased by approximately 60 per­
cent as compared to the quantities excreted when the birds 
had access to feed. The proportion of the total urinary ni­
trogen was also decreased by about 30 percent. The assumption 
that creatinine nitrogen is indicative of endogenous nitrogen 
is not supported by these data. Creatinine nitrogen varies in 
quantity directly, but not proportionately, with total urinary 
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nitrogen and therefore, would not be truly indicative of en­
dogenous nitrogen which theoretically should be constant under 
varying conditions. 
The effect of fasting on creatine excretion was marked 
and was in agreement with observations on human subjects 
(Wilder and Morgulis, 1953). During the 48-hour fasting peri­
ods, there was a marked creatinuria by all cockerels. The 
quantity of creatine excreted during fast was 3 times that ex­
creted when feed was being consumed. This increase was further 
magnified when creatine nitrogen was expressed as a percent of 
total urinary nitrogen. The supposition that creatinuria ob­
served in fasted animals was due to catabolism of muscle was 
made by Paton (1910). The catabolism of muscle tissue, the site 
of creatine storage, would result in a sharp increase in the 
amount of creatine in the circulatory system. Since creatine 
is not degraded in the body, (Schoenheimer, 1942), and, under 
these circumstances, is not converted to creatinine through 
muscular activity, it must be excreted as such in the urine. 
The growth hormone preparation had little influence on 
creatine excretion during non-fasting periods but caused a 
slight increase in urine creatine during fasting. It can be 
proposed that this effect may be due to traces of the cata-
bolic hormone, ACTH, in the growth hormone preparation. ACTH 
activity would promote amino acid mobilization from the mus­
cular tissue already being catabolized, and thus, would tend 
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to accelerate the release of creatine for excretion. 
Neither fasting nor growth hormone-treatment had an ap­
preciable influence on blood reducing-sugar levels. Growth 
hormone also failed to alter the amount of reducing sugar in 
the urine. Thus, growth hormone, due to its inactivity for 
chickens, did not cause hyperglycemia and glycosuria as had 
been observed in many mammals treated with growtfi hormone 
(Smith e_t aJL., 1955). , 
pasting caused a 40 percent decrease in urine reducing 
sugars but had virtually no effect on blood reducing-sugar 
level. Sturkie's (1954) summary on the effects of fasting on 
blood sugar level of chickens indicated a sharp drop in blood 
sugar following 14 to 24 hours of fast. This effect was not 
observed in the work reported herein. 
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GENERAL DISCUSSION 
Response to diethylstilbestrol. methyl testosterone and porcine 
growth hormone 
Growth and feed efficiency The implantation of 15 
milligram pellets of diethylstilbestrol into 6-week-old cock­
erels caused an immediate stimulation of appetite whereby feed 
intake was increased more than 50 percent as compared to con­
trol birds. There was no change in efficiency of feed utili­
zation, the estrogen causing an increase in weight gain that 
paralleled increased feed intake. Lorenz (1943), Jaap and 
Thayer (1944) and Sell (1958) have shown that various estro­
genic substances exert little influence on weight gain of chick­
ens fed rations containing adequate protein and supplying a 
moderate level of energy. However, Camp et ad. (1957) and 
Prater (I960) reported that best results were obtained from 
estrogen treatment when rations adequate in protein but high 
in energy were employed. 
The ration used in Experiment 500 supplied ample protein 
and was quite high in energy. This leads to the supposition 
that the stimulation of weight gain induced by diethylstilbes­
trol in this experiment was dependent on: (1) the use of the 
high energy, adequate protein ration and (2) the feeding of 
this ration to chickens possessing the inherently high growth 
potential. 
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Weight gains of 6 to 8-week-old cockerels were depressed 
by daily injections of 1.25 milligrams of methyl testosterone. 
This observation agrees with Turner's (1948) report of growth 
depression caused by various androgens administered orally 
to growing chickens. Eaton et al. (1955) found that daily 
injections of an androgen into 5-week-old male chicks had no 
effect on weight gain. 
Methyl testosterone treatment had little effect on effi­
ciency of feed utilization. This observation substantiates 
Turner's (1948) data showing that various androgens do not al­
ter feed efficiency of young chickens. 
Porcine growth hormone treatment of 6 to 8-week-old cock­
erels decreased weight gain and feed efficiency during periods 
when the birds had access to feed. Growth hormone had little 
influence on weight gain or feed efficiency when the cockerels 
were recovering from 48-hour periods of fast and did not materi­
ally lessen the amount of weight lost during the 48-hour fasts. 
Libby et_ al. (1955) observed a reduction in growth rate of 4-
week-old chickens receiving daily injections of mammalian growth 
hormone. Eaton et al. (1955) reported that growth hormone had no 
effect on weight gains made by young male chicks. Krzymowski 
(1956) obtained a 62 percent increase in weight gains during the 
first week of life when the chickens received growth hormone. 
However, in his experiment, the chickens treated with growth hor­
mone gained less than the controls over the following 4 weeks. 
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No explanation was offered for this observation. 
Previous research and the results of this study illustrate 
the ineffectiveness of mammalian growth hormone in stimulating 
growth of chickens. Such a stimulation has been shown in many 
mammalian species (Smith ejt al., 1955 and Casida ejt al., 1959). 
Nitrogen retention and nitrogenous urine components 
There was a progressive decrease in the percent of dietary 
nitrogen retained by diethylstilbestrol-treated cockerels over 
the post-treatment period. However, during the same period, 
weight gain was not decreased but was the same as when a higher 
percentage of dietary nitrogen was retained. The depressing 
effect of prolonged estrogen treatment on nitrogen retention 
by chickens had been reported previously by Eaton et a^L. (1955) 
and Libby ejt al. (1955). Thus it is shown that estrogens do 
not exert the anabolic effect in chickens with regard to pro­
tein as has been shown with ruminants (Clegg and Cole, 1954 
and Struempler and Burroughs, 1959). 
The fact that the decrease in percent of dietary nitrogen 
retained by diethylstilbestrol-treated cockerels was accom­
panied by a weight gain equal to that obtained when more nitro­
gen was being retained suggests that extra adipose tissue was 
replacing a portion of the proteinaceous tissue in the body. 
This suggestion is further supported by data showing that es­
trogen treatment of chickens markedly increases the fat content 
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of the carcass while protein and moisture contents are decreased 
(Lorenz, 1954 and Casida et al. 1959). The stimulation of lipo-
neogenesis induced by estrogen treatment of chickens is partial­
ly at the expense of protein and is accompanied by a change in 
protein metabolism whereby less dietary nitrogen is retained. 
Although there was a 50 percent increase in the total 
nitrogen metabolized, along with a decrease in nitrogen re­
tention, by the cockerels treated with diethylstilbestrol, 
there was essentially no change in the percent of total urinary 
nitrogen excreted as uric acid, ammonia, urea, creatinine and 
creatine. This shows that any alteration in protein metabolism 
induced by estrogen treatment was not reflected by a change in 
nitrogenous urine components. 
Herrick's (1945) report of increased collagen nitrogen 
and greater tensile strength of muscular tissue of chickens re­
ceiving testosterone suggests that androgen exerts an anabolic 
effect in chickens similar to that observed in mammals. How­
ever, the results of the present investigation show that methyl 
testosterone was ineffective in enhancing nitrogen retention 
by growing cockerels. Eaton £t al. (1955) also found this to 
be true. 
Rats, dogs and humans readily respond to androgen treat­
ment with increased protein anabolism and increased nitrogen 
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retention (Kochakian and Mur lin, 1935; Abels ejt al., 1944 and 
Gordon jst al., 1947). However, the present experiments show 
that an androgen is ineffective for chickens in this regard. 
Methyl testosterone caused little change in the excretory 
pattern of uric acid, ammonia, creatinine and creatine. Hober-
man ejt al. (1948) and Simms (1949) reported that methyl testos­
terone administered to humans resulted in a marked creatinuria. 
This effect was not observed in this study after treating 
chickens with methyl testosterone. Simms (1949) postulated 
that methyl testosterone influenced arginine metabolism so 
that creatine synthesis was stimulated resulting in creatinuria. 
The data from the present study also indicate that methyl 
testosterone altered arginine metabolism in some manner. The 
excretion of urea, which is formed in the chicken by the ac­
tion of kidney arginase on arginine, was increased by androgen 
treatment. This would suggest that the amount of arginine 
reaching the kidney was increased; but the mechanism by which 
an androgen could cause such an increase in circulatory ar­
ginine is not apparent. 
The inability of mammalian growth hormone to markedly in­
crease nitrogen retention by chickens during fasting and non-
fasting periods is in sharp contrast to the response of mammals. 
Eaton ejt al. (1955) also observed that mammalian growth hormone 
had little influence on nitrogen retention of young chickens. 
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On the other hand, marked increases in nitrogen retention by 
rats, monkeys and humans receiving growth hormone have been ob­
served (Smith el: al., 1955). Cattle have also shown the same 
response to growth hormone (Struempler and Burroughs, 1959 and 
Casida ejt al., 1959). 
The lack of response by chickens to mammalian growth hor­
mone is evidently due to the "species specificity" problem. 
Knobil and Greep (1959) presented a thorough discussion on 
species specificity of growth hormone with special regard to 
monkeys and humans. It was shown that although monkeys readily 
respond to injections of growth hormone of human or monkey 
origin, humans respond only to growth hormone preparations of 
human origin. Rats, at the other extreme, respond to all 
growth hormone preparations whether of human, monkey, bovine 
or porcine origin. Li (1957) suggests, in relation to species 
specificity, that the active moiety of growth hormone molecules 
from various species is the same, the differences residing in 
the proteinaceous investment of this active core which some 
species (rats) can remove while others cannot. 
The species specificity theory in regard to the chicken 
finds more support from very recent research. Nalbandov (I960)* 
*A. V. Nalbandov, Department of Animal Science, University 
of Illinois, Urbana. Information on avian growth hormone. 
Private communication. I960. 
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has established that the pituitary gland of the chicken defin­
itely secretes growth hormone. He has shown that although 
chickens do not respond to mammalian growth hormone, they 
readily respond to a crude preparation from chicken pituitaries 
Thus, the species specificity requirement for a particular 
growth hormone also applies to the chicken. The rat is the 
only known animal capable of utilizing growth hormone of any 
origin. Nalbandov reported that the rat responds very well 
to the crude preparation from chicken pituitaries. In view of 
the evidence illustrating the importance of species specificity 
it is not surprising that the chicken has consistently failed 
to respond to mammalian growth hormone treatment. 
Assuming that porcine growth hormone itself was inactive 
for the chicken in the present investigation, the changes noted 
in the excretory pattern of the nitrogenous urine components 
were probably the result of contamination of the growth hormone 
preparation by another hormone. Adrenocorticotropic hormone 
contamination has been observed in most growth hormone prepara­
tions, including a preparation obtained by the same purifica­
tion procedure and from the same source as that used in this 
investigation (Smith et al., 1955). If an appreciable amount 
of ACTH activity was present, changes in the pattern of ni­
trogenous urine components might have been observed during both 
non-fasting and fasting periods. However, if only traces of 
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ACTH were present, notable changes might only occur under con­
ditions of stress such as during fasting periods. The data 
from Experiment 507 favor the latter supposition. 
ACTH is known to cause the following conditions which may 
apply to observations made in this investigation: (1) an in­
crease in the blood and urine ketone bodies during fasting and 
(2) an acceleration of amino acid mobilization from body stores 
with a resulting increase in the circulating amino acids 
(Turner, 1955). 
Cockerels receiving injections of the growth hormone 
preparation excreted proportionately more ammonia nitrogen and 
less uric acid nitrogen than the controls during periods of 
fast. Traces of ACTH could have caused this difference by (1) 
increasing the need for the ammonia required for formation of 
the salts of the keto-acids preparatory to excretion of the ex­
cessive amounts of these organic acids and/or (2) increasing 
the level of circulating amino acids, thus creating a condition 
whereby more amino acids would be deaminated in the kidney and 
more ammonia excreted in the urine. Uric acid formation would 
be decreased to some extent due to a decrease in the nitro­
genous substances required for synthesis. These changes would 
be reflected by an increase in the ammonia nitrogen and a de­
crease in uric acid nitrogen excreted in the urine. 
Again assuming that in the chicken, urea originates from 
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the action of kidney arginase on circulating arginine, then 
the accelerated amino acid mobilization induced by traces of 
ACTH would increase the level of arginine in the blood and more 
urea would be formed. The cockerels receiving the growth hor­
mone preparation excreted more urea during fasting than the 
controls, indicating that the level of circulating arginine 
reaching the kidney had increased. 
The condition of creatinuria observed in all cockerels-
during fasting was further increased by the administration of 
the growth hormone preparation. The presence of ACTH in the 
preparation would also account for this change. ACTH would 
stimulate mobilization of the amino acids and thereby enhance 
the catabolism of muscle tissue already under way during the 
fasting periods. This, in turn, would accelerate the release 
of creatine from muscle tissue. The excess creatine would be 
excreted in the urine since creatine is not degraded in the 
body (Schoenheimer, 1942). 
Some mammalian species exhibit marked hyperglycemia and gly-
cosurin after being subjected to growth hormone treatment (Smith 
et al. 1955). However, in this investigation, porcine growth 
hormone had no effect on blood reducing-sugar level or on the 
quantity of reducing sugar excreted in the urine of chickens. 
Partition of nitrogenous urine components 
In general, the data on the distribution of the nitrogen-
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our urine components obtained in this investigation agree with 
the data presented recently by O'Dell et al. (I960). However, 
in comparison with the results of Davis (1927), Coulsen and 
Hughes (1930) and others, there are some notable discrepancies. 
Table 2 presents a comparison of data compiled by various work­
ers along with those of this investigation: 
Table 2. Distribution of nitrogenous components as reported 
by various investigators 
Percent of total urinary nitrogen 
Uric Creati- Créa- Amino acid + 
Reference acid NH3 Urea nine tine undetermined 
Davis (1927) 62.9 17.3 10.4 
03 o
 
co 
1.40 
Coulsen and 
Hughes (1930) 65.8 7.58 6.45 — 4.56 3 13.40 
O'Dell et al. 
(1960) 80.7 10.50 4.50 0.90* 3.40 
Present stud^80.94 10.63 2.64 0.59 0.77 4.43 
^Includes total creatinine and creatine 
^Average over all experiments excluding periods of fast 
in Experiment 507 
The values obtained by Davis (1927) and Coulsen and Hughes 
(1930) are quite different than those found by O'Dell ej: al. 
(1960) and those of this investigation. Davis (1927) and Coul­
sen and Hughes (1930) used adult hens for urine collections, 
while young, growing cockerels were employed in this study and 
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by 0*Dell et al. (I960). However the wide differences in 
nitrogenous urine components are probably not all due to the 
age difference in the birds used. The relatively low uric acid 
and high ammonia values obtained in the earlier investigations 
were very similar to those obtained in this study when cockerels 
were deprived of feed for 48 hours. The values obtained during 
fasting periods were quite different than they were when the 
birds had access to feed, as previously discussed. Since both 
Davis (1927) and Coulsen and Hughes (1930) collected urine 
from hens that were immobilized on a restraining board, the 
hens probably were deprived of feed for a period of time. Cock­
erels from which urine was collected in this study and in the 
work reported by O'Dell et al. (I960) had access to feed during 
collection periods. This would be a plausible explanation for 
the major differences observed in uric acid and ammonia excre­
tion patterns. 
In this investigation, fasting also led to a marked cre­
atinuria. Cockerels excreted 3 times as much creatine during 
fasting periods as when they had access to feed. Under such 
conditions, the creatinine-creatine total in the urine more 
closely approached those values given by Davis (1927) and 
Coulsen and Hughes (1930). 
It has been stated that creatine replaces creatinine in 
the urine of the fowl (Paton, 1910 and Sturkie, 1954). The 
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data collected in this study show this assumption to be in­
correct. Of the total creatinine-creatine excreted when the 
cockerels had access to feed, approximately 43 percent was in 
the form of creatinine while the remaining 57 percent was cre­
atine. However, under the conditions of fasting, these per­
centages changed to approximately 11 percent creatinine and 89 
percent creatine. 
Thus it would appear that the methods employed for urine 
collection have an influence on the values obtained for the 
nitrogenous urine components. A method of collection requir­
ing use of anesthesia and/or physical restraint, if of suffi­
cient duration, would result in a restriction of feed intake 
and the results of the present study show clearly that fasting 
has a profound influence on the composition of urine with re­
gard to nitrogenous components. 
Sturkie (1954) stated that reducing sugar is not normally 
excreted in urine. Data collected by Richardson (1959) and 
in this study refute this statement. Richardson (1959) found 
considerable reducing sugar in the urine of hens. As reported 
herein, 6 to 8-week-old cockerels excreted urine which contained 
approximately 20 to 25 milligrams of reducing sugar per 100 
milliliters. 
The results of this investigation indicate that revisions 
are needed in the basic published data concerning the normal 
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distribution of many urine components. It is also indicated 
that studies utilizing urine analysis would be a valuable means 
of investigating various aspects of metabolism and factors in­
fluencing metabolism of the chicken. 
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SUMMARY 
Studies utilizing a technique for separate urine and feces 
collection have been made to determine the influence of diethyl­
stilbestrol, methyl testosterone and porcine growth hormone on 
nitrogen retention and nitrogenous urine components of young 
male chickens. Fundamental data on the normal distribution of 
the nitrogenous urine components of the chicken have also been 
collected. 
Fifteen milligram pellets of diethylstilbestrol were im­
planted in 6-week-old cockerels. During a 10-day period fol­
lowing treatment, diethylstilbestrol increased weight gain more 
than 50 percent as compared to control chickens. Efficiency 
of feed utilization was not altered by diethylstilbestrol treat­
ment. Estrogen treatment had no immediate effect on percent 
of dietary nitrogen retained but from the 4th through the 10th 
day of treatment, there was a progressive decrease in the per­
cent of dietary nitrogen retained by the estrogen-treated cock­
erels. 
Although there was a large increase in the total nitrogen 
metabolized and a progressive decrease in nitrogen retention 
by the estrogen-treated cockerels, the percent of total urinary 
nitrogen excreted as uric acid, ammonia, urea, creatinine and 
creatine was not changed. Thus, any change in protein metabol­
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ism which may have been induced by diethylstilbestrol, in con­
junction with increased liponeogenesis, was not reflected by 
changes in percent of the nitrogenous urine components. 
Six-week-old cockerels were each given intramuscular in­
jections of 1.25 milligrams of methyl testosterone daily for 
8 days. Weight gains were depressed 17 percent but efficiency 
of feed utilization was not affected. Methyl testosterone was 
ineffective for increasing the percent of dietary nitrogen re­
tained by the treated cockerels. The androgen also had little 
effect on the distribution of the nitrogenous urine components, 
uric acid, ammonia, creatinine and creatine. The excretion of 
urea was increased both in quantity and as a percent of the 
total nitrogen by methyl testosterone. A possible relationship 
between arginine metabolism and methyl testosterone is postu­
lated. 
Six-week-old cockerels were each given intramuscular in­
jections of 5 milligrams of porcine growth hormone prepara­
tion daily for 14 days. The effects of growth hormone treat­
ment were studied during periods of fast and periods of ad 
libitum feeding. Weight gain was decreased by growth hormone 
during periods when the cockerels had access to feed. Growth 
hormone had little influence on weight gain during the 2-day 
periods following 48-hour fasts or on weight loss during fast­
ing periods. Nitrogen retention was not altered appreciably 
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by porcine growth hormone during ad libitum feeding or during 
the periods of recovery from fast. The growth hormone prepara­
tion was also ineffective for decreasing nitrogen excretion 
during 48-hour fasting periods. 
During periods when cockerels had access to feed, the growth 
hormone did not alter the percent of urinary nitrogen excreted 
as uric acid, ammonia, creatinine and creatine. However, during 
periods of fast the growth hormone preparation enhanced the 
condition initially brought about by fasting whereby the ex­
cretion of uric acid was decreased while ammonia and creatine 
nitrogen excretions were increased. Urea nitrogen excretion 
was increased by growth hormone during both ad libitum feed­
ing and fasting periods. Porcine growth hormone, as such, was 
apparently inactive for the chicken and the changes in the ex­
cretion pattern of the nitrogenous urine components are postu­
lated as being due to traces of adrenocorticotropic hormone in 
the growth hormone preparation. 
The growth hormone preparation had no influence on the 
level of blood reducing sugar or the quantity of reducing sugar 
excreted in the urine during ad libitum feeding periods or 
during periods of fast. 
The values obtained for the normal distribution of the 
nitrogenous urine components of 6 to 8-week-old cockerels, ex­
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pressed as percentages of the total urinary nitrogen, were 
80.94, 10.63, 2.64, 0.59, 0.77 and 4.43 for uric acid, ammonia, 
urea, creatinine, creatine and undetermined nitrogen, respec­
tively. The variation between these values and the earlier 
data published by other workers is thought to be due to the 
cumulative effects of differences in the age of chickens used, 
the type of diets employed and whether the birds were deprived 
of feed before excreta collections. The latter factor was 
shown to be a most important considerations 
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CONCLUSIONS 
1. Fifteen milligram pellet implants of diethylstilbestrol 
increases weight gain of 6 to 8-week-old cockerels when 
a high energy, adequate protein ration is fed to a strain 
of chickens capable of rapid growth. 
2. Diethylstilbestrol implants cause a decrease in percent of 
dietary nitrogen retained by 6 to 8-week-old cockerels. 
3. Diethylstilbestrol treatment has little effect on feed 
efficiency, protein digestibility or the excretion of.the 
nitrogenous urine components, uric acid, ammonia, urea, 
creatinine and creatine. 
4. Daily injections of 1.25 milligrams of methyl testosterone 
depresses weight gain but does not alter efficiency of 
feed utilization, nitrogen retention or the excretion of 
the nitrogenous urine components, uric acid, ammonia, cre­
atinine and creatine, of 6 to 8-week-old cockerels. 
5. Methyl testosterone increases the excretion of urinary 
urea by cockerels. 
6. Five milligrams of porcine growth hormone preparation, in­
jected daily into 6 to 8-week-old cockerels, depresses 
weight gain and efficiency of feed utilization during pe­
riods when chickens have access to feed but has little 
influence on weight gain during periods of recovery from 
48-hour fasts or on weight loss during fasting. 
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7. Porcine growth hormone preparation is ineffective in in­
creasing nitrogen retention during ad libitum feeding, 
fasting or recovery from fasting periods. 
8. Porcine growth hormone preparation has no appreciable ef­
fect on the distribution of the nitrogenous urine components, 
uric acid, ammonia, creatinine and creatine, during ad 
libitum feeding periods. 
9. The excretion of urinary ammonia and creatine is increased, 
and uric acid is decreased by the growth hormone prepara­
tion during fasting. 
10. The excretion of urinary urea is increased during _ad libi­
tum feeding and fasting periods by the porcine growth hor­
mone preparation. 
11. The changes in the excretion of the nitrogenous urine 
components are theorized to be due to a contaminant (ACTH) 
of the growth hormone preparation rather than true porcine 
growth hormone activity. 
12. Porcine growth hormone preparation has no influence on 
blood reducing-sugar level or on the quantity of reducing 
sugar excreted in the urine of 6 to 8-week-old cockerels. 
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APPENDIX A 
Table 3. Nitrogen intake, absorption and retention, and distribution of nitrogenous 
uric components of 6 to 8-week-old cockerels — Exp. 500 
Day Cock­ Milligti rams Percent of total urinary nitrogen 
of Treat- erel Ing, . Abs. Ret Uri. Uric Am­ Crea­ Crea­ Undeter 
exp. ment no. (Nitrogen) acid monia Urea tinine tine mined 
2 3843 3267 1699 1567 86.64 8.09 0.58 0.71 0.77 3.21 
Control 4 4988 3354 2624 1732 81.12 11.89 3.26 0.75 1.27 1.71 
8 , 4078 3500 1966 1534 84.40 6.78 3.13 0.65 0.91 4.13 
2 Av. 4303 3374 2096 1611 84.05 8.92 2.32 0.70 0.98 3.02 
Prior 3 3814 3150 1938 1314 79.76 12.18 3.50 0.76 1.60 2.20 
to 6 3906 3394 1756 1640 85.00 8.05 3.72 0.77 1.16 1.30 
DBS 9 4313 3708 2075 1634 84.00 8.81 2.75 0.73 1.04 2.67 
Av. 4011 3417 1923 1529 82.92 9.68 3.32 0.75 1.27 2.06 
2 4812 4235 2608 1627 81.70 9.47 3.44 0.59 0.74 4.06 
Control 4 4284 3624 1996 1627 81.60 11.06 3.07 0.52 0.74 3.01 
8 4753 3997 2196 1800 85.39 7.17 2.39 0.52 0.65 3.88 
Av. 4616 3952 2267 1685 82.90 9.23 2.94 0.54 0.71 3.65 
4 Prior 3 4020 3413 2175 1240 78.00 12.18 3.23 0.56 0.73 5.30 
to 6 5105 4270 2736 1533 82.91 8.87 3.13 0.59 0.72 3.78 
DES 9 4313 3632 2135 1497 80.16 11.49 2.67 0.58 0.89 4.21 
Av. 4479 3772 2349 1423 80.36 10.85 3.01 0.58 0.78 4.42 
6 Control 2 4108 3508 2083 1460 82.80 11.23 2.74 0.64 0.70 1.89 
4 4430 3825 2264 1560 83.80 11.67 3.08 0.67 0.53 0.25 
8 4401 3514 2011 1503 81.86 8.25 2.00 0.50 0.71 6.60 
Av. 4313 3616 2119 1508 82.82 10.35 2.61 0.63 0.65 2.91 
Table 3. (Continued) 
Day Cock- Milligrams 
of Treat- erel Ing. Abs. Ret. Ùri. 
exp. ment no. (Nitrogen) 
6 DBS 
Control 
8 
DES 
Control 
10 
12 Control 
3 4284 3676 2382 1294 
6 6161 5369 3271 2100 
9 6572 5538 3417 2120 
Av. 5672 4861 3023 1835 
2 4958 4201 2604 1600 
4 5164 4517 2830 1687 
8 4518 3734 2227 1506 
Av. 4880 3151 2554 1598 
3 5193 4180 2861 1320 
6 8714 7158 3948 3207 
9 7452 6180 3398 2780 
Av. 7120 5839 3402 2436 
2 4196 3382 1943 1440 
4 4401 3775 2187 1587 
8 4841 4208 2566 1640 
Av. 4479 3788 2232 1556 
3 4123 3462 2126 1334 
6 8215 6679 3861 2827 
9 7423 6003 3392 2614 
Av. 6587 5381 3126 2258 
2 4665 3825 2463 1360 
4 3579 3094 1657 1440 
8 4665 3825 2328 1499 
Av. 4303 3581 2149 1433 
/ 
Percent of total urinary nitrogen 
Uric Am- Créa- Créa- Undeter-
acid monia Urea tinine tine mined 
75.60 12.90 1. 55 0.63 0.51 
89.14 8.43 1. 95 0.56 0.88 
89.06 8.21 1. 89 0.50 0.73 
84.60 9.85 1. 80 0.56 0.71 
87.81 9.31 1. 12 0.68 0.97 
84.41 12.09 1. 54 0.66 0.85 
87.18 7.57 0. 00 0.51 0.53 
86.47 9.66 0. 89 0.62 0.78 
79.09 11.82 0. 00 0.83 1.07 
88.21 7.33 1. 87 0.48 0.36 
89.50 7.99 1. 44 0.46 0.37 
85.60 9.05 1. 10 0.59 0.60 
84.44 9.10 3. 89 0.54 0.76 
84.12 10.96 1. 89 0.54 0.59 
87.62 9.21 2. 32 0.55 0.59 
85.36 9.76 2. 70 0.54 0.65 
85.53 11.69 1. 95 0.61 0.68 
89.14 7.07 2. 33 0.44 0.44 
86.15 7.84 2. 68 0.42 0.38 
86.94 8.87 2. 32 0.49 0.50 
84.92 10.59 1. 69 0.53 0.76 
82.84 10.49 1. 18 0.60 0.70 
85.94 9.07 2. 07 0.60 0.62 
84.57 10.05 1. 65 0.58 0.69 
8.81 
-0.96 
-0.96 
2.30 
0.11 
0.45 
4.21 
1.59 
7.29 
0.75 
0.24 
2.76 
1.27 
1.90 
-0.29 
0.96 
-0.46 
0.58 
2.53 
0.88 
1.51 
4.19 
1.82 
2.51 
H 
O 
o 
Table 3. (Continued) 
Day Cock- Milligrams Percent of total urinary nitrogen 
of Treat- erel Ing. Abs. Ret. Uri. Uric Am- Créa- Créa- Undeter-
exp. ment no. (Nitrogen) acid monia Urea tinine tine mined 
12 DES 
Control 
14 
DES 
3 6015 4911 2556 2356 88. 30 8. 23 1. 32 0.42 0. 55 1. 18 
6 7951 6535 3260 3272 90. 89 7. 09 1. 22 0.38 0. 40 0. 02 
9 6015 4938 2731 2206 85. 36 8. 34 1. 72 0.51 0. 51 3. 56 
Av. 6660 5461 2849 2611 88. 15 7. 89 1. 42 0.44 0. 49 1. 59 
2 4430 3730 2197 1532 81. 85 10. 70 3. 00 0.61 0. 76 3. 08 
4 4401 3791 2218 1574 80. 69 12. 52 2. 10 0.76 0. 73 3. 20 
8 5076 4112 2386 1727 85. 23 8. 51 2. 49 0.59 0. 63 2. 55 
Av. 4636 3878 2234 1611 83. 50 10. 58 2. 35 0.65 0. 71 2. 94 
3 7188 5563 3206 2348 85. 05 10. 35 2. 60 0.51 0. 31 1. 18 
6 7482 6306 2940* 5391a 82. 73a 1 7. 79a 1. 52 a 0.48% 0. 60a 6. 88a 
9 4665 3841 — — — — — - - — — •  -
Av. 6445 5233 3029 2580 84. 04 8. 64 1. 87 0.49 0. 50 4. 98 
aUrine samples from cockerels 6 and 9 were accidentally mixed so pooled 
samples were analyzed 
Table 4. Nitrogen intake, absorption and 
urine components of 6 to 8-week 
Day Cock- Milligrams 
of Treat- erSl ing. Abs". Ret. Uri 
exp. ment no. (Nitrogen) 
Control 
1 
3 
6 
Av. 
3463 
3162 
3915 
3513 
3021 
2739 
3412 
3054 
1898 
1470 
2251 
1873 
1124 
1268 
1162 
1185 
2 
Prior to 
M.T. 
2 
4 
5 
Av. 
3854 
4487 
4216 
4186 
3368 
3834 
3657 
3620 
2077 
2401 
2466 
2315 
1292 
1433 
1192 
1306 
A 
Control 
1 
3 
6 
Av. 
5149 
4938 
4878 
4988 
4249 
4278 
4199 
4242 
2564 
2543 
2478 
2528 
1688 
1733 
1721 
1714 
4 
Prior to 
M.T. 
2 
4 
5 
Av. 
5420 
4908 
5390 
5236 
4710 
4170 
4709 
4530 
2797 
2542 
3132 
2824 
1912 
1628 
1575 
1705 
A 
Control 
1 
3 
6 
Av. 
2349 
4457 
5571 
4126 
1898 
3885 
4828 
3537 
773 
2330 
3009 
2037 
1125 
1555 
1819 
1500 
D 
M.T. 
2 
4 
5 
Av. 
5480 
5480 
5149 
5370 
4693 
4787 
4491 
4657 
2924 
3062 
2912 
2966 
1769 
1725 
1579 
1691 
retention, and distribution of nitrogenous 
old cockerels - Exp. 501 
Percent of total urinary nitrogen 
Uric Am- Créa- Créa- Undeter-
acid raonia Urea tinine tine mined 
82. 03 9. 96 5. 16 0. 80 1. 16 0. 89 
71. 77 10. 19 5. 10 0. 77 1. 62 10. 55 
74. 79 11. 70 2. 23 0. 66 0. 92 9. 70 
79. 99 10. 62 4. 16 0. 74 1. 23 7. 05 
74. 77 11. 42 4. 36 0. 79 1. 53 7. 13 
81. 30 7. 26 3. 21 0. 44 0. 94 6. 85 
71. 14 13. 42 ' 3. 43 0. 76 0. 96 10. 29 
75. 74 10. 70 3. 67 0. 66 1. 14 8. 05 
81. 70 10. 31 1. 72 0. 50 0. 89 4. 48 
84. 42 10. 96 1. 67 0. 62 1. 02 1. 31 
78. 79 8. 83 2. 91 0. 64 1. 00 1 7. 83 
81. 64 10. 03 2. 10 0. 59 0. 97 4. 54 
83. 42 10. 51 3. 40 0. 65 0. 95 1. 07 
80. 52 8. 84 2. 15 0. 58 1. 24 6. 67 
74. 28 12. 70 2. 22 0. 80 1. 00 9. 00 
79. 41 10. 68 2. 59 0. 68 1. 06 5. 58 
81. 51 10. 31 2. 49 0. 65 1. 46 3. 58 
79. 10 10. 35 3. 54 0. 69 1. 26 5. 06 
80. 98 10. 12 1. 54 0. 72 1. 23 5. 51 
80. 53 10. 16 2. 49 0. 69 1. 32 4. 72 
81. 51 10. 97 2. 83 0. 70 0. 82 3. 17 
81. 91 8. 64 2. 67 0. 67 1. 03 5. 08 
82. 08 14. 56 1. 96 0. 81 1. 08 ~ 0 • 49 
81. 83 11. 36 2. 52 0. 73 0. 98 2. 59 
Table 4. (Continued) 
Day Cock- Milligrams Percent of total urinary nitrogen 
of Treat- erel Ing. Abs. Ret. Uri. Uric Àm- Créa- Créa- Undeter-
exp. ment no. (Nitrogen) acid monia Urea tinine tine mined 
8 
Control 
M.T. 
10 
Control 
M.T. 
Control 
12 
M.T. 
1 3011 2710 1311 1399 80. 27 11. 37 2. 00 0. 48 0. 79 5. 14 
3 4818 4146 2391 1755 75. 33 10. 66 2. 62 0. 54 0. 98 9. 87 
6 6324 5420 3317 2103 79. 98 11. 03 3. 33 0. 57 0. 82 4. 27 
Av. 4718 4092 2340 1752 78. 52 11. 02 2. 65 0. 51 0. 86 6. 43 
2 4276 3520 2305 1215 80. 66 10. 86 3. 70 0. 58 0. 99 3. 21 
4 5450 4603 2833 1770 83. 50 8. 02 4. 12 0. 53 0. 92 2. 91 
5 5089 4483 2938 1545 73. 01 13. 40 3. 43 0. 69 0. 75 8. 72 
Av. 4972 4202 2692 1510 79. 06 10. 79 3. 75 0. 60 0. 89 4. 95 
1 4155 3484 2164 1320 79. 92 11. 14 1. 74 0. 54 0. 81 5. 82 
3 5029 4278 2590 1688 77. 84 11. 37 1. 78 0. 59 0. 96 7. 46 
6 5420 4377 2411 1966 74. 85 12. 43 2. 66 0. 60 1. 10 8. 36 
Av. 4868 4046 2388 1658 77. 54 11. 65 3. 35 0. 58 0. 96 7. 22 
2 5239 4459 2981 1478 75. 10 11. 30 3. 38 0. 66 0. 82 8. 74 
4 5209 4202 2770 1432 76. 26 9. 78 3. 49 0. 56 1. 19 8. 72 
5 5390 4810 3650 1160 75. 69 14. 65 3. 28 0. 72 0. 90 4. 76 
Av. 5279 4490 3134 1356 75. 68 11. 91 2. 06 0. 65 1. 04 7. 41 
1 4304 3596 2682 914 72. 65 15. 54 4. 38 0. 66 0. 88 5. 89 
3 4484 ' 3276 2062 1214 75. 29 5. 23 2. 14 0. 49 1. 32 l'4. 83 
6 6007 5025 3061 1964 72. 35 11. 51 5. 40 0. 55 0. 94 9. 25 
Av. 4932 3966 2602 1364 73. 43 10. 99 3. 97 0. 57 1. 05 9. 99 
2 15679 4865 3185 1680 73. 09 12. 92 3. 15 0. 55 1. 02 9. 27 
4 '5171 4339 2419 1920 77. 81 8. 23 3. 28 0. 42 0. 78 9. 48 
5 4932 4214 2603 1611 68. 09 14. 15 4. 69 0. 61 0. 86 11. 33 
Av. 5261 4473 2736 1737 73. 00 11. 77 3. 80 0. 53 0. 89 10. 03 
Table 5. Nitrogen intake, absorption and retention, and distribution of nitrogenous 
urine components and urine reducing sugars of 6 to 8-week-old cockerels — 
Exp. 507 
Day Cock­ Millie rams Percent of total urinary nitrog en 
of Treat- erel Ing 
1 
. Abs. Ret. Uri. Uric Am­ Crea­ Crea­- Under er-
exp. ment no. (Nitrogen) acid monia Urea tinine tine mined * 
3 3082 2650 1516 1134 77.17 6.88 2.91 0.62 0.63 11.80 58 
Control 4 5086 4423 2905 1518 74.83 8.70 2.77 0.59 0.75 12.36 80 
5 4668 4055 2383 1674 74.61 12.07 3.29 0.42 0.73 8.88 73 
o 
Av. 4279 3709 2267 1442 75.53 9.22 2.99 0.54 0.70 11.01 70 
Prior to 1 4249 3596 2318 1278 79.42 9.94 1.96 0.55 0.98 7.42 71 
STH 2 3949 3387 2102 1285 75.02 9.49 1.95 0.54 1.05 11.95 70 
6 3082 2535 1363 1172 75.34 11.43 3.67 0.60 1.05 7.91 62 
7 3501 3091 2031 ' 1060 77.17 14.24 3.87 0.66 1.23 2.83 70 
Av. 3695 3152 1953 1199 76.96 11.28 2.86 0.59 1.08 7.53 68 
3 501 68.84 16.83 3.27 0.30 3.87 2.18 27 
Control 4 524 73.55 18.75 3.37 0.58 5.91 -2.16 31 
5 578 67.76 25.05 3.92 0.48 4.53 -1.74 33 
A Av. 534 70.05 20.21 3.52 0.45 4.77 -0.57 30 4 
1 675 59.52 18.28 2.80 0.44 5.34 13.26 41 
2 607 61.00 19.92 4.15 0.50 5.52 8.91 35 
STH 6 573 62.42 21.10 6.81 0.68 5.03 3.96 40 
7 639 65.88 20.51 4.93 0.57 4.95 3.16 33 
Av. 624 62.20 19.45 4.70 0.55 5.21 7.32 37 
3 3381 2941 2114 827 85.25 8.83 4.23 0.85 0.56 0.28 41 
6 Control 4 3800 3171 1928 1243 70.23 7.96 2.82 0.56 0.58 17.85 68 
5 4877 4098 2701 1397 80.32 11.95 2.86 0.64 0.57 3.66 72 
Av. 4019 3403 2248 1156 78.60 9.58 3.30 0.68 0.57 7.26 60 
^Milligrams reducing sugar 
Table 5. (Continued) 
Day Cock- Milligrams Percent of total urinary nitrogen 
of Treat- erGl Ing. Âbs. Ret. Uri. Uric Am- Créa- Créa- Undeter-
exp. ment no. (Nitrogen) acid monia Urea tinine tiqe mined 
1 5954 5131 3518 1613 77, .06 8. 80 2. 23 0. 50 0. 54 10. 87 68 
2 3770 3193 1904 1289 68, .81 7. 99 2, .95 0. 62 0. 56 19. 07 54 
STH ' 6 3830 3362 2505 857 82. 38 16. 80 5. 25 0. 70 0. 81 —5, .94 45 
7 4487 3948 2967 981 78. 90 12. 84 3. 36 0. 71 0. 67 3. 52 42 
Av. 4510 3908 2723 1185 76. 79 11. 61 3. 45 0. 63 0. 64 6. 88 52 
Control 3 4009 3177 2334 843 80. 55 10. 20 2. 14 0. 71 0. 42 5. 98 50 
4 5894 5174 3547 1627 84. 57 10. 80 2. 83 0. 68 0. 73 1. 16 100 
5 5295 4542 2961 1581 79. 70 15. 50 3. 80 0. 57 0. 63 -0. 20 77 
Av. 5066 4298 2948 1350 81. 61 11. 93 2. 92 0. ,65 0. 59 2. 31 76 
1 4488 3770 2397 1373 83. 10 11. 00 0. 95 0. 58 0. 54 3. 83 57 
2 3553 2997 1892 1105 76. ,74 9. 32 1. 54 0. ,81 0. ,73 10. 86 61 
STH 6 4668 3882 2593 1289 83. 78 12. 72 3. 96 0. ,62 0. 54 — 1 4 .62 60 
7 4967 4342 3083 1259 81. 73 14. 30 2. 22 0. ,71 0. ,88 0. 16 70 
Av. 4419 3748 2492 1256 81. 34 11. 84 2. 17 62 
3 5116 4133 3152 981 83. 38 9. 99 0. 51 0. ,41 0. ,30 4, 56 38 
Control 4 3411 2935 1846 1089 83. 10 9. 46 0. 46 0. ,64 0. ,92 6. 27 65 
5 4548 3636 2723 913 77. 77 17. 20 3. 61 0. ,66 0. 65 0. 11 48 
Av. 4358 3568 2574 994 81. 42 12. 22 1. 53 0. 57 0. 62 3. 65 50 
1 4608 3922 2617 1305 74. 64 13. 56 1. 99 0. ,54 0. 92 8. 35 70 
2 36 50 2802 1951 851 82. 84 12. 10 3. ,06 0. 82 1, .06 0. 12 60 
STH 6 5056 4217 3119 1098 77. 87 13. 30 3. 73 0. 64 0. 54 3. 92 42 
7 4578 4064 2898 1166 70. 93 16. 21 3. 95 0. ,86 0. .86 7. 19 62 
Av. 4473 3751 2646 1105 76. 57 13. 79 3. 13 0. ,71 0. 84 4. 90 58 
Table 5. (Continued) 
Day Cock- Milligrams Percent of total urinary nitrogen 
of Treat- erel Ing. Abs. Ret. Uri. Uric Am Créa- Créa- Undeter-
exp. ment no. (Nitrogen acid monia Urea tinine tine mined 
3 5685 4543 3796 981 80. 94 10, .60 1. 53 0. 51 0. 41 6. 01 35 
Control 4 4308 3479 2443 1036 87. 16 10, .78 1. 64 0. 50 0. 58 -0. 74 50 
5 4249 3715 2364 1351 75. 13 14. 43 4. 89 0. 59 0. 59 4. 37 52 
Av. 4747 3912 2868 1044 81. 08 11, .94 2. 68 5, .56 0. 53 3. 21 44 
STH 1 4458 3698 2754 944 77. 44 14, .19 3. 71 0. 53 0. 74 3. 39 51 
2 4279 3726 2553 1173 77. 58 12. 28 2. 81 0. 68 0. 94 5. 71 53 
6 409^9 3496 2614 882 68. 94 15. 42 5. 22 0. 68 0. 45 9. 29 35 
7 3531 3076 1894 1182 72. 59 12. 35 2. 62 0. ,68 0. 67 11. 09 43 
Av. 4092 3499 2454 1045 74. 14 13. 56 3. 59 0. 64 0. 70 7. 37 46 
3 456 88. 63 18. 55 1. 17 0. 47 1. 28 -10. 10 25 
Control 4 774 77. 32 12. 20 0. 86 0. 38 3. 40 5. 84 29 
5 641 71. 78 19. 92 4^ 56 0. ,40 1. 64 1. 66 34 
Av. — — — — — — 624 79. 24 16. 89 2. 20 0, ,42 2. .11-- 0. 87 29 
1 488 73. 57 26. 97 0. 82 - 0. ,44 3. 37 -5. 17 25 
2 467 77. 78 26. 65 0. 85 0, ,6 0 3. 10 -8. 95 22 
STH 6 517 67. 35 25. 19 9. 77 0. ,39 1. 69 —5. 39 21 
7 641 67. 01 18. 26 6. 43 0. ,37 3. 57 4. 36 29 
Av. 528 71. 43 24. 27 4. 47 0. ,45 2. 93 -3. 79 24 
3a 3680 3095 2682 413 91. 28 6. 78 1. 94 0. 77 0, .20 -0. 97 17 
Control 4b 3740 3241 2213 1028 80. 25 9. 14 0. 00 0. 55 0. 62 9. 44 31 
5a 4219 3436 2780 656 83. 54 10. 37 3. 35 0. 72 0. 50 1. 52 25 
Av. 3880 3257 2558 699 85. 02 8. 76 1. 76 0. 68 0. 44 3. 33 24 
^Taken off experiment at end of day 15 
aken off experiment 32 hours after start of day 15 
Table 5. (Continued) 
Day Cock- Milligrams Percent of total urinary nitrogen 
of Treat- erel Ing. Abs. Ret. Uri. Uric Àm- Créa- Créa- Undeter-
exp. ment no. (Nitrogen) acid monia Urea tinine tine mined * 
16 1 2753 2204 1601 603 89.22 7.13 1.99 0.66 0.50 0.50 20 
STH 2C 3291 2533 2158 375 81.87 8.27 3.20 0.80 0.80 5.06 14 
6b 3201 2925 2263 662 80.06 11.03 8.46 0.86 0.50 -0.91 26 
7a 3531 2949 2375 574 76.83 12.37 4.88 0.91 0.83 4.18 31 
Av. 3194 2653 2099 554 81.99 9.70 4.63 0.81 0.66 2.21 23 
^Taken off experiment 14 hours after start of day 15 
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APPENDIX B. ANALYTICAL PROCEDURES 
Uric acid analysis 
Many methods commonly used for uric acid analysis are 
based on colorimetric measurement of a blue color formed when 
uric acid reduces phosphotungstate or arsenotungstate. It 
has been demonstrated that these methods are non-specific and 
unreliable due to the occurrence of many natural substances 
other than uric acid which will yield the same color reaction. 
Praetorius (1948) developed a uric acid determination method 
based on uric acid's absorption spectrum and the specific 
ability of uricase to destroy uric acid. Modifications of 
this method, providing faster and more applicable procedures, 
have been devised by Dubbs ejt al. (1956) and Richardson (1959). 
For uric acid analysis in this study, the procedure out­
lined by Richardson (1959) was employed with a slight modifi­
cation based on Dubbs ert al. (1956) work. Richardson's method 
was used unaltered for uric acid analysis in Experiment 500. 
However, further work indicated that the uric acid values so 
obtained were in error. It was noted that the initial optical 
density readings on urine samples were too high and since this 
was not reflected as residual optical density after uricase 
treatment of the samples, a value for uric acid was obtained 
that was higher than would be expected for the uric acid present. 
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- Application of a modification taken from Dubbs et al. (1956) 
method involving the use of a glycine buffer for diluting 
samples containing uric acid yielded results more indicative 
of the true uric acid content. This modification lowered the 
pH of the uric acid solutions from approximately 12.1 to 9.5 
with the result that valid uric acid values were obtained. 
Subsequent work with the modified method, where known 
quantities of pure uric acid were added to the urine samples, 
showed the procedure to be reliable. Recovery of the added 
uric acid from the urine averaged 96 percent and the uric acid 
solutions were stable for at least 30 minutes after final di­
lution. Using solutions of pure uric acid, a standard curve 
obtained by plotting optical density against uric acid concen­
tration was established which followed Beer's law and was 
readily reproducible. The coefficient of variation for uric 
acid determinations was less than 1 percent when standard 
solutions were used. However, the coefficient of variation for 
determinations of uric acid in chicken urine was 6.1 percent. 
This discrepancy was due to the sampling error encountered 
consistently even though the urines were blended twice before 
samples were drawn. 
The uric acid analysis procedure employed in Experiments 
501 and 507 is described below. 
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Reagents and equipment 
1. 2N - sodium hydroxide 
2. 5 percent lithium borate solution 
3. Glycine buffer - 7.5 grams of glycine per liter of 
distilled water with the pH adjusted to 9.5Î0.1 with 
2N sodium hydroxide 
4. Uricase suspension - 50 milligrams of uricase^ in one 
liter of glycine buffer 
5. Uric acid standard - place 20 milligrams of pure uric 
acid in a 1 liter flask, dissolve in 30 ml. of hot 
lithium borate and dilute to volume with distilled 
water. 
6. Omni - mixer 
7. Hand-operated, portable homogenizer 
Procedure The urine, which had been diluted to a vol­
ume of 1 liter, was blended at 16,000 r.p.m. in an Omni-mixer 
for 5 minutes. The urine was then reblended in a hand operated, 
portable homogenizer. After,these two blending operations, the 
urine contained a fairly homogeneous suspension of fine uric 
acid granules. — -
Following the blending of the urine, 10 ml. samples were 
transferred by means of Ostwald-Folin pipettes to 1 liter 
volumetric flasks. To each sample, 30 ml. of hot 5 percent 
lithium borate were added to dissolve the uric acid. The con­
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tents of the flasks v»jere diluted to volume with distilled 
water. From this seolution, a 1 ml. aliquot was transferred 
to a 30 ml. test tu'be. A standard uric acid solution was pre­
pared in the same mi.aaner. Ten milliliters of uricase suspen­
sion were added to »ea.ch sample and a blank was prepared by 
adding 10 ml. of ur: lease suspension to 1 ml. of distilled 
water. 
Immediately af"te r adding the uricase suspension, optical 
density readings we:re recorded using a DU spectrophotometer 
set at a wave lengttih of 292 millimicrons and slit width of 0.4 
mm. The solutions we re returned to their respective tubes 
and the meniscus wass marked with a wax pencil. The samples 
were incubated in a water bath at 45°C. for 2 hours. At the 
end of incubation, ft lie menisci were replenished and final op­
tical density readirngs recorded. Based on the following equa­
tion, uric acid contient of the urine was computed. 
S - gg - g x K x 11QO = micrograms uric acid per ml. of urine. 
o — ojb — il 
Whe re : 
U = Initial reading on urine sample 
UE = Final reacting on urine sample 
S = Initial reading on standard 
SE = Final reacting cn standard 
^Uricase preparation obtained from Worthington Biochemical 
Corporation, Freeholld» New Jersey. 
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E = Reading on enzyme blank 
K = Concentration (mcg/ml.) of standard. 
Ammonia and urea analysis 
The micro-diffusion method of Conway as described by Hawk 
et al. (1947) was the basis for ammonia and urea analyses. The 
method was modified and adapted for use in this laboratory. 
Reagents and equipment 
1. 55% potassium carbonate 
2. 0.1 N sulfuric acid 
3. Nesslers reagent (Kock and McMeekin) 
4. Phosphate buffer - six grams of acid potassium phos­
phate and 5 grams of disodium phosphate dissolved in 
distilled water and brought to 1 liter volume. 
5. Urease suspension - working suspension was prepared 
by diluting 10 ml. of concentrated urease to 50 ml. 
with phosphate buffer. The concentrated urease was 
made by purifying 25 grams of urease powder* using 
the permutit method and suspending this preparation 
in 125 ml. of 0.001 N sulfuric acid plus 375 ml. of 
reagent glycerine. 
^Urease powder obtained from Sigma Chemical Co., St. 
Louis, Missouri. 
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6. Ammonia standard - 1 mg. of ammonia nitrogen con­
tained in 10 ml. of solution. 
7. Urea standard - 1 mg. of urea nitrogen contained in 
10 ml. of solution., 
8. Conway microdiffusion cells with covers. 
Procedure From the blended urine, a 10 ml. sample was 
placed in a 100 ml. volumetric flask and diluted to volume 
with distilled water. One milliliter of 0.1 N sulfuric acid 
was placed in the center well of the cell. By means of an 
automatic pipette, 2 ml. of potassium carbonate were added to 
the outer well. The glass cover, previously coated with vase­
line, was placed over the cell and the entire cell was agitated 
gently to mix the contents of the outer well. Ninety minutes 
were allowed for the ammonia being displaced by the potassium 
carbonate to diffuse completely to the center well and react 
with the sulfuric acid. At the end of 90 minutes, the con­
tents of the center well plus washings were transferred to a 
50 ml. volumetric flask. After adding approximately 30 ml. of 
distilled water to each flask, 2 ml. aliquots of Nessler's re­
agent were transferred to the flasks. The flask's contents 
were diluted to volume with distilled water. Optical density 
readings were made with a Klett - Summerson colorimeter -to de­
termine the quantity of ammonia in the urine. A blank was pre­
pared by following the entire procedure substituting 1 ml. of -
distilled water in water in place of the diluted urine. A de-
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termination was made on the standard ammonia solution each 
time. 
Urea analysis was accomplished in the same manner except 
that prior to adding potassium carbonate to the diluted urine, 
1 ml. of urease suspension was added to the sample in the outer 
well. Twenty minutes were allowed for the enzymic hydrolysis 
of urea to ammonia and carbon dioxide. At this time, 2 ml. of 
potassium carbonate were placed in the outer well. Proceeding 
as previously described, the total quantity of ammonia was 
then determined. The amount of ammonia originating from urea 
was calculated as being equal to the difference between uri­
nary ammonia and the total ammonia coming from urea and uri­
nary ammonia. 
This method proved to be very accurate with the coeffi­
cient of variation for determinations being less than 1 percent. 
Creatine and creatinine analysis 
The method used for creatine and creatinine analysis was 
that described by Richardson (1959). 
Reagents : 
1. 0.75 N sodium hydroxide 
2. Saturated picric acid - 11.7 grams picric acid di­
luted to 1 liter with distilled water. This solu­
tion must pass the purity test as outlined by Folin 
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and Doisy (1917). 
3. Sodium picrate buffer - 1 liter of 1.17 percent pic­
ric acid solution adjusted to pH 2.0Î0.05 with 2 N 
sodium hydroxide. 
4. Creatinine standard - 2.166 grams of creatinine zinc 
hydrochloride placed in a 500 ml. volumetric flask 
and diluted to volume with 0.1 N hydrochloric acid. 
5. Creatine standard - 1.776 grams of creatine monohy­
drate placed in a 500 ml. volumetric flask and diluted 
to volume with 0.1 N hydrochloric acid. 
6. 30 percent trichloroacetic acid solution. 
Procedure Ten milliliters of blended urine were placed 
in a centrifuge tube and 1 ml. of 30 percent trichloroacetic 
acid was added. This solution was mixed thoroughly and centri-
fuged at 1500 r.p.m. for 20 minutes. The supernatant was 
poured into a 100 ml. volumetric flask and diluted to volume 
with distilled water. Five milliliters of this solution were 
placed in 20 x 200 mm. test tubes. To each tube, 2 ml. of 
picrate buffer were added. At this point, a duplicate of each 
sample was placed in the autoclave for 45 minutes at 20 pounds 
pressure to convert creatine to creatinine. After the auto-
claved samples had cooled, 2 ml. of 0.75 N sodium hydroxide 
were added to all samples. The contents of each tube were 
then diluted to 10 ml. with distilled water. Thirty minutes 
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were allowed for the color to develop from the reaction of 
picrate and creatinine in the basic solution. A blank was 
prepared by substituting distilled water for the diluted urine 
and standards of both creatinine and creatine were employed 
for each set of determinations. Optical density readings were 
obtained with the DU spectrophotometer set at a wave length 
of 495 millimicrons and slit opening of 0.03 mm. 
The creatine content of the urine was computed by sub­
tracting the quantity of creatinine found from the total crea-
tine-creatinine as determined on the autoclaved samples. The 
coefficient of variation for the determinations of creatinine 
in the urine was 2 percent. 
Reducing sugar analysis 
The analytical procedure was that developed by Richardson 
(1959) from the method outlined by Loewus (1952). 
Reagents 
1. Concentrated sulfuric acid. 
2. 2 percent solution of anthrone in reagent ethyl 
acetate. 
Procedure Two milliliters of diluted, deproteinized 
urine prepared as described in the creatine-creatinine analysis 
procedure, were placed in a 30 ml. pyrex test tube. One-half 
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milliliter of 2 percent anthrone reagent was then added to the 
contents of each tube. Five milliliters of concentrated sul­
furic acid were carefully layered into the test tube. The 
tube was gently swirled to slowly mix the contents until a 
green color started to develop. Vigorous swirling then com­
pleted the mixing. The color developed was read after 10 
minutes at 620 millimicrons and slit width of 0.05 mm. in a 
DU spectrophotometer. A standard of pure glucose solution was 
used with each set of determinations. 
Optical density plotted against weight of glucose yielded 
a straight-line relationship between 0 to 80 micrograms. The 
coefficient of variation for determinations of reducing sugars 
in the urine was 2.1 percent. 
